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DS1674/DS3674 Quad MOS Clock Driver .10-10 

DS1675/DS3675 Hex TRI-STATE® MOS Latch/Driver 10-11 

DS1676/DS3676 6-Bit TRI-STATE® MOS Refresh Counter/Driver 10-12 

DS1677/DS3677 Quad TRI-STATE® MOS Memory I/O Register . 10-13 

DS1678/DS3678 TRI-STATE® MOS Multiplexer/Driver 10-14 

DS1679/DS3679 Hex TRI-STATE® MOS Driver 10-15 

DS16147/DS36147 Quad TRI-STATE® MOS Memory I/O Register 10-13 

DS16149/DS36149 Hex MOS Driver 10-18 

DS16177/DS36177 Quad TRI-STATE® MOS Memory I/O Register 10-13 

DS16179/DS36179 Hex MOS Driver 10-18 

DS55107/DS75107 Dual Line Receiver 10-3 

DS55108/DS75108 Dual Line Receiver 10-3 

DS55109/DS75109 Dual Line Driver 10-19 

DS55110/DS75110 Dual Line Driver 10-19 

DS55121/DS75121 Dual Line Driver 10-20 

DS55122/DS751 22 Triple Line Receiver 10-21 

DS75123 Dual Line Driver 10-22 

DS75124 Triple Line Receiver 10-23 

DS751 50 Dual Line Driver 1 0-24 

DS751 54 Quad Line Receiver . . 10-25 

DS75207 Dual Line Receiver 10-3 

DS75208 Dual Line Receiver ... . 10-3 

DS75324 Memory Driver with Decode Inputs 10-26 

DS55325/DS75325 Memory Driver 10-27 

DS75361 Dual TTL to MOS Driver 10-28 

DS75362 Dual TTL to MOS Driver. . 10-29 

DS75364 Dual MOS Clock Driver . 10-30 

DS75365 Quad TTL to MOS Driver 10-31 

DS7803/DS8803 2-Phase Oscillator/Clock Driver. 10-32 

DS7807/DS8807 2-Phase Oscillator/Clock Driver 10-33 

DS8813 2-Phase Oscillator/Clock Driver •. 1032 
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Alpha-Numerical Index (Continued) 


DS8817 2-Phase Oscillator/Clock Driver. . 10-33 

MM1101 256-Bit (256 X 1) Static RAM 1-1 

MMl 101 A 256-Bit (256 x 1) Static RAM . . ... ..................... 1-1 

MM1101A1 256-Bit (256 X 1) Static RAM 1-1 

MMH01A2 256-Bit (256 X 1) Static RAM . . ................................. ..... . . . 1-1 

MMl 101 1 256-Bit (256 x 1) Static RAM . . . .......... . ...... . . , . ... ........ . . . . . M 

MM1402A Quad 256-Bit Dynamic Shift Register .............. . . . ... ........ 8-1 

MM1403A Dual 512-Bit Dynamic Shift Register 8-1 

MM 1404A 1024-Bit Dynamic Shift Register. 8-1 

MM1702A 2048-Bit (256 x 8) Electrically Programmable and Erasable ROM. 4-1 

MM 1742 2048-Bit (256 X 8) Electrically Programmable ROM 6-1 

MM2101 1024-Bit (256 x 4) Static RAM with Separate I/O .... 1-5 

MM2101-1 1024-Bit (256 x 4) Static RAM with Separate I/O . . . . . . . . . . . ...................... 1-5 

MM2101-2 1024-Bit (256 x 4) Static RAM with Separate I/O ... .... ... ... 1-5 

MM2102 1024-Bit (1024 X 1) Static RAM . . 1-8 

MM2102A, MM2102AL Family 1024-Bit (1024 x 1) Static RAM .................. ... 1-12 

MM2102MD 1024-Bit (1024 X 1) Static RAM/Military Temperature Range . . ... . 1-15 

MM2102-1 1024-Bit (1024 X 1) Static RAM. ...... . . ... 1-8 

MM2102-2 1024-Bit (1024 X 1) Static RAM. .. . ... ..... 1-8 

MM2102-2MD 1024-Blt (1024 x 1) Static RAM, Military Temperature Range 1-15 

MM211 1 1024-Blt (256 x 4) Static RAM with Common Data I/O ....... 1-19 

MM21 11-1 1024-Bit (256 x 4) Static RAM with Common Data I/O. ....... 1-19 

MM21 11-2 1024-Bit (256 x 4) Static RAM with Common Data I/O. ....... 1-19 

MM21 12 1024-Bit (256 x 4) Static RAM with Common Data I/O ......... . 1-22 

MM2112-2 1024-Bit (256 x 4) Static RAM with Common Data I/O. T22 

MM2316A 16,384-Blt (2048 x 8) Mask Programmable ROM ... 6-12 

MM 2704 4096-Bit (512 x 8) UV Erasable and Electrically Programmable ROM 4-7 

MM2708 8192-Bit (1024 x 8) UV Erasable and Electrically Programmable ROM 4-7 

MM4016/IVIM5016 512-Bit Dynamic Shift Register 8-5 

MM 5024 A 1024-Bit Dynamic Shift Register. 8-1 

MM4025/MM5025 Dual 1024-Bit Dynamic Shift Register 8-8 

MM4026/IVIM5026 Dual 1024-Bit Dynamic Shift Register 8-8 

MM4027/MM5027 2048-Bit Dynamic Shift Register . 8-8 

MM4052/MM5052 Dual 80-Bit Static Shift Register. 8-13 

MM4053/IVIM5053 Dual 100-Bit Static Shift Register. 8-13 

MM5054 Dual 64/72/80-Bit Static Shift Register 8-16 

MM4055/MM5055 Quad 128-Blt Static Shift Register 8-19 

MM4056/MM5056 Dual 256-Bit Static Shift Register. ........... 8-19 

MM4057/MM5057 512-Bit Static Shift Register 8-19 

MM5058 1024-Bit Static Shift Register 8-24 

MM5060 Dual 144-Bit Mask Programmable Static Shift Register . 8-27 

MM5061 Quad 100-Bit Static Shift Register. 8-30 

MM4 104/MM 5 104 Multiple Length, Electrically Adjustable Shift Register. 8-33 

MM4203/MM5203 2048-Bit (256 x 8 or 512 x 4) Electrically Programmable and Erasable ROM. ...... 4-12 

MM4204/MM5204 4096-Bit (512 x 8) Electrically Programmable and Erasable ROM 4-17 

MM4210/MM5210 1024-Bit (256 x 4) Mask Programmable ROM 6-16 

MM4211/MM5211 1024-Bit (256 x 4) Mask Programmable ROM 6-19 

MM5212 12,288-Blt (Ik x 12) Mask Programmable ROM. 6-22 

MM4213/MM5213 2048-Blt (256 x 8 or 512 x 4) Mask Programmable ROM ..... ........ 6-24 

‘ MM4214/MM5214 4096-Bit (512 x 8) Mask Programmable ROM 6-26 

MM5215 12,288-Bit (Ik x 12) Mask Programmable ROM. . 6-28 

MM4220/MM5220 1024-Bit (128 x 8 or 256 x 4) Mask Programmable ROM. 6-30 

MM4220AP/MM5220AP BCDIC to ASCII Code Converter 6-34 

MM4220BM/MM5220BM Sine Look-Up Table .... 6-36 

MM4220DF/MM5220DF ''Quick Brown Fox" Generator 6-40 

MM4220EK/MM5220EK BCDIC to EBCDIC/ASCII to EBCDIC Code Converter 6-42 

MM4220LR/MM5220LR BCDIC to ASCI 1-7/ASCI 1-7 to BCDIC Code Converter. . . 6-45 

MM4221/MM5221 1024-Bit (128 x 8 or 256 x 4) Mask Programmable ROM 6-48 

MM4221RR/MM5221RR ASCII-7 to EBCDIC Code Converter 6-52 

MM4230/MM5230 2048-Bit (256 x 8 or 512 x 4) Mask Programmable ROM. 6-55 
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Alpha-Numerical Index (Continued) 

MM4230BO/MM5230BO Hollerith to ASCI I Code Converter 6-59 

MM4230KP/MM5230KP ASCI 1-7 to Selectric Code Converter 6-61 

MM4231/IV1M5231 2048-Bit (256 x 8 or 512 x 4) Mask Programmable ROM 6-64 

MM4231CMU/MM5231CMU Hollerith to ASCil Code Converter 6-59 

MM4231RP/MM5231RP EBCDIC to ASCII-7 Code Converter . ; 6-68 

"MM4232/MM5232 4096-Bit (512 x 8 or Ik x 4) Mask Programmable ROM 6-73 

MM4232AEI/MM5232AEI Sine Look-Up Table 6-76 

MM4232AEJ/MM5232AEJ Sine Look-Up Table 6-76 

MM4232AEK/MM5232AEK Sine Look-Up Table 6-76 

MM4240/MM5240 2560-Bit (64-8 x 5) Static Character Generator 6-79, 1 1-23 

MM4240AA/MM5240AA ASCII-7 Uppercase, Horizontal Scan Character Generator ROM 6-79, 11-22 

MM4240ABU/MM5240ABU Hollerith Character Generator 6-83, 11-23 

MM4240ABZ/MM5240ABZEBCDiC-8 Character Generator 6-85, 11-23 

MM4240ACA/MM5240ACA EBCDIC Character Generator 6-86, 1 1-23 

MM4240AE/MM5240AE ASCII-7 Lower Case, Horizontal Scan Character Generator ROM. ..... 6-79, 1 1-22 

MM4241/MM5241 3072-Bit (64 x 6 x 8) Mask Programmable ROM 6-87, 1 1-24 

MM4241ABL/MM5241ABL ASCII-7 Vertical Scan Character Generator ROM 6-87, 11-24 

MM4241ABV/MM5241ABV ECMA-7 Scandinavian Vertical Scan Character Generator ROM .... 6-87, 11-24 

MM4241 ABW/MM5241ABW ECMA-7 German Vertical Scan Character Generator ROM. . 6-87, 11-24 

MM4241ABX/MM5241ABX ECMA-7 European Vertical Scan Character Generator ROM. ...... 6-87, 1 1-25 

MM4241ABY/MM5241ABY ECMA-7 Spanish Vertical Scan Character Generator ROM 6-87, 11-25 

MM4242/MM5242 8192-Bit (1024 x 8) Mask Programmable ROM 6-90 

MM4243/MM5243 2048-Bit (256 x 8 or 512 x 4) Electrically Programmable ROM . 6-5 

MM4244/MM5244 4096-Bit (512x8) Electrically Programmable ROM . 6-8 

MM4246/MM5246 16,384-Bit (2048 x 8) Mask Programmable ROM 6-94 

MM4247/MM5247 16,384-Bit (4096 x 4) Mask Programmable ROM ; 6-94 

MM4250 256-Bit (256 x 1) Static RAM, Military Temperature Range 1-1 

MM5269 1024-Bit (256 x 4) Static RAM with On-Chip Registers. 1-26 

MM4270 4096-Bit (4096 X 1) TRI-SHARE™ Port, Dynamic RAM 1-28 

MM5270 4096-Bit (4096x 1) TRI-SHARE™ Port, Dynamic RAM . . 1-33 

MM5270A 4096-Bit (4096 x 1) Dynamic RAM 1-38 

MM5270-5 4096-Bit (4096 x 1) TRI-SHARE™ Port, Dynamic RAM 1-44 

MM5271 4096-Bit (4096 x 1) Fully TTL Compatible RAM 1-46 

MM5271A 4096-Bit (4096 x 1) TRI-SHARE™ Port, Dynamic RAM 1-51 

MM4280 4096-Bit (4096 x 1) Dynamic RAM 1-56 

MM5280 4096-Bit (4096 x 1) Dynamic RAM 1-60 

MM5280A 4096-Bit (4096 x 1) Dynamic RAM . 1-64 

MM5280-5 4096-Bit (4096 x 1) Dynamic RAM 1-70 

MM5281 4096-Bit (4096 x 1) Fully TTL Compatible Dynamic RAM 1-72 

MM5290 16,384-Bit (16,384 x 1) Dynamic RAM 1-76 

MM54C89/MM74C89 64-Bit (16x4) TRI-STATE® CMOS RAM 3-1 

MM54C200/MM74C200 256-Bit (256 x 1) TRI-STATE® CMOS RAM 3-5 

MM54C910/MM74C910 256-Bit (256 X 1) TRI-STATE® CMOS RAM 3-8 

MM54C920/MM74C920 1024-Bit (256 x 4) Static Silicon Gate RAM 3-12 

MM54C921/MM74C921 1024-Bit (256 x 4) Static Silicon Gate RAM 3-12 

MM54C929/MM74C929 1024-Bit (1024 x 1) Static Silicon Gate RAM 3-19 

MM54C930/MM74C930 1024-Bit (1024 x 1) Static Silicon Gate RAM 3-19 

NS3-1 Bulk Storage Memory 9-3 

NS1 1 Memory Series 9-5 

NS1 1/03 Memory Card . 9-6 

NS21 Memory Card 9-7 

NS32 Memory Card 9-8 

NS400-C Series Memory Cards 9-10 

NS400-N Series Memory Cards 9-9 

NS3000-1 Memory Card 9-11 

SK0003 Sine/Cosine Look-UpTable 6 114, 11-1 

370-Add-On Memory Systems. 9-1 
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BIPOLAR RAMs 

MOS RAMs 

OTHER SOURCE 

NATIONAL 

OTHER SOURCE 

NATIONAL 

OTHER SOURCE 

NATIONAL 

OTHERSOURCE 

NATIONAL 

OTHERSOURCE 

NATIONAL 

AMD 


MMt 


AMD 


Fairchild 


Signetics 


AM27LS0DC 

DM74S200 

5530 

DM54S206 

AM1101A 

MM1101A 

2102 

MM2102-2 

21F02 

MM2 102 A 

AM27LS00M 

DM54S200 

5531 

DM54S200 

AM1101A1 

MM1101A1 

21L02 

MM2102A-6L 

21F02-2 

MM2102A-2 

AM27LS01C 

DM74S206 

5560 

DM54S289 

1 AM1101A1M 

MM4250 

2102-1 

MM2102A-4 

21F02-4 

MM2102A-4 

AM27LS01M 

DM54S206 

5561 

DM54S189 

AM2101 

MM2 101 

21L02A 

MM2102A-4L 

2102 

MM2102 

AM27LS02C 

DM74LS289 

6530 

DM74S206 

AM2102 

MM2102 

21L02B 

MM2102A-L 

2102-1 

MM2102^1 

AM27LS02M 

DM54LS289 

6531 

DM74S200 

AM2111 

MM2111 

2102F 

MM2102A 

2102-2 

MM2 102-2 

AM72LS03C 

DM74 LSI 89 

6560 

DM74S289 

AM2112 

MM2112 

2102F2 

MM2102A-2 

21L02-1 

MM2102A-L 

AM27LS03M 

DM54LS189 

6561 

DM74S189 

AM9060C 

MM 5280-5 



21 L02-3 

MM2102A-2L 

AIV127S02C 

DM74S289 

L5560 

DM54LS289 

AM90600 

MM5280 

1101A 

MM1101A 

2501 

MM1101A1 

AM27S02M 

DM54S289 

L5561 

DM54 LSI 89 

AM9060E 

MM 5280 

1101A1 

MM1101A-1 

2680 

MM5280 

AM27S03C 

DM74S189 

L6560 

DM74LS289 

AM9101A 

MM210M 

21 01 A 

MM2101A* 

2680-1 

MM5280-5 

AM27S03M 

DM54S189 

L6561 

DM74LS189 

AM9101B 

MM2101A* 

2101A-2 

MM2101A-2* 

2613 

MM5257 

AM3101 

DM7489 



AM9101C 

MM2101A-2* 

2101A-4 

MM2101A-4* 

2614 

MM2T14 

AM3101A 

DM74S289 



AM9101D 

MM2101A-2* 

2101 

MM2101 



AM31L01C 

DM74LS289 

N8225 

DM7489 

AM9102 

MM2102A-6 

2101 

MM5269 



AM31L01M 

DM54LS289 

N82S06 

DM74S200 

AM91L02 

MM2102-6L 

2101-1 

MM2101-1 

Texas Instruments 




N82S07 

DM74S206 

AM9102A 

MM2102-4 

2101-2 

MM2101-2 

TMS4033 

MM2102A-4 

Fairchild 


N82S10 

DM93415 

AM91L02A 

MM2102A-4L 

2102A 

MM2 102 A 

TMS4034 

MM2 102-2 

93403 

DM74S289 

N82S16 

DM74S200 

AM9102B 

MM2102A 

2102A-2 

MM2102A-2 

TMS4035 

MM2 102 

9341 1C 

DM74S206 

N82617 

DM74S206 

AM91L02B 

MM2102A-L 

21Q2A-4 

MM2102A-4 

TMS4039 

MM2101 

9341 IM 

DM54S206 

N82S21 

DM86S21 

AM9102C 

MM2102A-2 

2102AL 

MM2102AL 

TMS4039-1 

MM2101-2 

934 15 AC 

DM93415 

N82S25 

DM74S289 

AM91L02C 

MM2102A-2L 

2102AL-2 

MM2102AL-2 

TMS4039-2 

MM2101A-4 

934 15C 

DM93415 

N82S116 

DM74S200 

AM9102D 

MM2102A-2 

2102AL-4 

MM2102AL-4 

TMS4042 

MM2111 

93421 C 

DM74S200 

N82S117 

DM74S206 

AM9102E 

MM2102A-1 

2107B 

MM5280 

TMS4042-1 

MM2111-2 

9342 IM 

DM54S200 

S82S06 

DM54S200 

AM9111A 

MM2111-1 

2107B-4 

MM5280-5 

TMS4042-2 

MM2101A-4 



S82S07 

DM54S206 

AM9111B 

MM2111A* 

2111A 

MM2111A* 

TMS4043 

MM2112 

Intel 


S82S16 

DM54S200 

AM9111C 

MM2111A-2* 

21HA-2 

MM2111A-2* 

TMS4043-1 

MM2112-2 

3101 

DM7489 

S82S17 

DM54S206 

AM9111D 

MM2111A-2* 

2111A-4 

MM2111A-4* 

TMS4043-2 

MM2112A-4 

3101A 

DM74S289 

S82S25 

DM54S289 

AM9112A 

MM2112-1 

2111 

MM2111 

TMS4060 

MM5280-5 

M3101 

DM5489 



AM9112B 

MM2112A 

2111-1 

MM2111-1 

TMS4060-1 

MM5280 

M3101A 

DM54S289 



AM9112C 

MM2112A-2* 

2111-2 

MM2111-2 

TMS4060-2 

MM5280 

3106 

DM74S200 

Texas Instruments 


AM9112D 

MM2112A-2* 

01 10 A 

[VynVJini iOA* 



3 106 A 

DM74S200 

SN5489 

OM5489 



£ 1 1 




3107 

DM74S206 

SNf489 

DM7489 



2112A-2 

MM2112A-2* 



3107A 

DM74S206 

SN54S189 

DM54S189 



2112A-4 

MM2112A-4* 

AAA ^ 

CMOS RAMs 




SN54S201 

DM54S200 

AMS 


21 12 

Ivl!vl2n2 

1 ntersil 


Intersil 


SN54S289 

DM54S289 

AMS6003 

MM5262 

2112-2 
O 1 ^A 

MM2112-2 

IM6551 

MM74C921 

1M5501C 

DM7489 

SN54S301 

DM54S206 

AMS7270 

MM5270 


IVHviiC 1 

IM6508 

MM74C929 

jM5501M 

DM5489 

SN74S189 

DM74S189 

AMS7270-5 

MM5270-5 

MMI 


IM6518 

MM74C930 

IM5523C 

OM74S200 

SN74S201 

DM74S200 

AMS7271 

MM5271 

2170 

MM5270 


IM5523M 

DM54S200 

SN74S289 

DM74S289 

AMS729Q 

MM52iO 

2171 

MM5271 

AILparts are pin c^Mnpatible. Check 

IM5533C 

DM74S206 

SN74S301 

DM74S206 

AMS7280-5 

MMS280-5 

2180 

MM6280 

National data sheets for ^ecif ication 

IM5533M 

DM54S206 

SN74S309 

DM93415 j 

AMS7281 

MM5281 

2181 

MM5281 

details. 
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NATIONAL 


AMO 


SIZE AND 
ORGANIZATION 

64-Bit (16x4) 

High Speed 
64-Bit (16x4) 

Low Power 
64-Bit (16x4) 

File Reg. (16 x 4) 
256-Bit (256 x 1) 


1024-Bit (1024 x 1) 


OUTPUT 


MIL/COM 


M = M1L 


PC 

TS 

PC 

TS 


C = COM 


DM5489/DM7489 


DM7599/DM8599 


DM54S289/DM74S289 

AM27S02 

DM54S189/DM74S189 

AM27S03 


PC DM54LS289/DM74LS289 AM27LS02 

TS DM54LS189/DM74LS189 AM27LS03 

TS DM75S68/DM85S68 

PC DM54S206/DM74S206 AM27S01 


TS DM54S200/DM74S200 AM27S00 


PC DM9341 5AM/DM93415AC 

TS DM93425AM/DM93425AC 


Bipolar RAM Cross Reference Guide 















































































SIZE AND 
ORGANIZATION 

OUTPUT 

NATIONAL 

MIL/COM 

AMD 

M = MIL ' 
C-COM 

FAIRCHILD 

M = MIL 
C = COM 

HARRIS 

2 = MIL 
5 = COM 

INTEL 

M = MIL 
P = COM 

INTERSIL 

M^MIL 
C = COM 

M.M.I. 

MIL/COM 
-1 = SCHOTTKY 

SIGNETICS 

S^MIL 

N»COM 

T.l. 

MIL/COM 

256-Bit 
(32 X 8) 

oc 

DM7577/DM8577 

AM27S08 


HM 1-7602 
HM1-8256 


IM5600 

5330/6330 

8223 

82S23 

SN54188A/74188A 

SN54S188/74S188 

16-Pin 

TS 

DM7578/DM8578 

AM27S09 


HM 1-7603 


IM5610 

5331/6331 

82S123 

SN54S288/74S288 

1024-Bit 

(256x4) 

OC 

DM54S387/DM74S387 

AM27S10 

93417 

93416 

HM1-7610 

HM1-1024A 

3601-1 

3601 

IM5603 

5300/6300 

82S126 

SN54S387/74S387 

16-Pin 

TS 

DM54S287/DM74S287 

AM27S11 


HM1-7611 
HM 1-1024 

3621 

IM5623 

5301/6301 

82S129 

SN54S287/74S287 

2048-Bit 

(512x4) 

16-Pin 

OC 

DM54S570/DM74S570 


93436 



IM5604 

5305/6305 

82S130 


TS 

DM54S571/DM74S571 


93446 

HM1-7621 

3622 

1M5624 

5306/6306 

82S131 


4096-Bit 

(512x8) 

24-Pin 

OC 

DM77S295/DM87S295 


93438 

HM 1-7640 

3604 

1M5605 

5340/6340 

82S140 

SN54S474/74S474 

TS 

DM77S296/DM87S296 


93448 

HM1-7641 

3624 

IM5625 

5341/6341 

82S141 

SN54S475/74S475 

2048-Bit 

/OKfi V 0\ 

OC 

DM54S470/DM74S470 






5308/6308 


SN54S470/74S470 

\ OO X O / 

20-Pin 

TS 

DM54S471/DM74S471 






5309/6309 


SN54S471/74S471 

4096-Bit 

(512x8) 

20-Pin 

OC 

DM54S473/DM74S473 






5348/6348 


SN54S473/74S473 

TS 

DM54S472/DM74S472 






5349/6349 


SN54S472/74S472 

40S6-8it 

HIBIIHIliill 

IliiiiHiMili 

OC 

&IM54S572/D(474^?S* 


334S2 

HM1-7842 

ilHilli 

mm^ 




TS 

OMS4SS7M)M74S573* 


33453 


liiiill 

tMS628 

5:^3/6353 

82S1S7 



OC 

DM77S22S**487S228* 





iiiiiiw 

III38308 

5388/8380 

82S180 


; ‘ t$ 





3628 

mm\B 

S38t/838t 

82S181 


8l9a-Sit 

(2048x4) 

oc 

: 0«84S672/0M74S872* 





1M66S01 


msm 


TS 






iMsesii 


. 82$1^ 



Note: All manufacturer's PROMs program differently. 
*Fuiure products 


apmo souaja^aU ssojq WOUd 


























































Bipolar PROM/ROM Selection Guide 



TOTAL BITS 

PART NUMBER 

ORGANIZATION 

NUMBER OF PINS 

TEMPERATURE 

RANGE 

MAXIMUM ADDRESS 
ACCESS (tAA) 

MAXIMUM SUPPLY 
CURRENT! Ice) 

PROM 

ROM 

256 

DM7577 

DM5488 

32x8 

OC 

16 

-SS°C to+125°C 

70 

110 


DM8577 

DM7488 

32x8 

OC 

16 

0°Cto+70°C 

50 

110 


DM7578 

DM7598 

32x8 

TS 

16 

-55°Cto+125°C 

70 

110 


DM8578 

DM8598 

32x8 

TS 

16 

0°Cto+70°C 

50 

110 

1024 

DM54S387 

DM54S187 

256x4 

OC 

16 

-55°C to +125^^0 

60 

130 


DM74S387 

DM74S187 

256x4 

OC 

16 

0°C to +70°C 

50 

130 


DM54S287 

DM75S97 

256x4 

TS 

16 

-55'^Cto+125°C 

60 

130 


DM74S287 

DM85S97 

256x4 

TS 

16 

0°C to +70°C 

50 

130 

2048 

DM54S570 

DM54S270 

512x4 

OC 

16 

-55°Cto+125°C 

70 

130 


DM74S570 

DM74S270 

512x4 

OC 

16 

0°Cto +70°C 

55 

130 


DM54S571 

DM54S370 

512x4 

TS 

16 

-55°C to +125°C 

70 

130 


DM74S571 

DM74S370 

512x4 

TS 

16 

0°Cto+70°C 

55 

130 

4096 

DM54S572 


1kx4 

OC 

18 

-55°C to +125'’C 

75 

140 


DM74S572 


1kx4 

OC 

18 

0°C to +70°C 

60 

140 


DM54S573 


Ik x 4 

TS 

18 

-55°Cto +125°C 

75 

140 


DM74S573 


1kx4 

TS 

18 

0°C to +70°C 

60 

140 

4096 

DM77S295 

DM77S95 

512x8 

OC 

24 

-55°Cto+125°C 

80 

170 


DM87S295 

DM87S95 

512x8 

OC 

24 

0°C to +70°C 

65 

170 


DM77S296 

DM77S96 

512x8 

TS 

24 

-55°Cto+125°C 

80 

170 


DM87S296 

DM87S96 

512x8 

TS 

24 

0®C to +70°C 

65 

170 

8192 

DM77S229 

DM75S29 


OC 

24 

-55°Cto+125°C 

90 

170 


DM87S229 

DM85S29 

HBl 

OC 

24 

0°C to +70°C 

70 

170 


DM77S228 

DM75S28 


TS 

24 

-55°C to +125°C 

90 

170 


DM87S228 

DM85S28 

■im 

TS 

24 

0°C to +70°C 

70 

170 

2048 

DM77S221 

DM77S201 

256x8 

OC 

20 

-55°C to+125°C 

75 

150 


DM87S221 

DM87S201 

256x8 

OC 

20 

0°C to +70° C 

60 

150 


DM77S222 

DM77S202 

256x8 

TS 

20 

-55°Cto+125''C 

75 

150 


DM87S222 

DM87S202 

256 X 8 

TS 

20 


60 

150 

2048 

DM54S470 

DM54S271 

256x8 

OC 


-55°Cto+125°C 

75 

150 


DM74S470 

DM74S271 

256 X 8 

OC 

20 

0°C to +70°C 

60 

150 


DM54S471 

DM54S371 

256 X 8 

TS 

20 

-55°C to +125°C 

75 

150 


DM74S471 

DM74S371 

256 X 8 

TS 

20 


60 

150 

4096 

DM54S473 


512x8 

OC 

20 

-55°Cto +125‘'C 

80 

165 


DM74S473 


512x8 

OC 

20 

Q°C to +70°C 

65 

165 


DM54S472 


512x 8 

TS 

20 

-55°Cto+125°C 

80 

165 


DM74S472 


512x8 

TS 

20 

0°C to +70‘^C 

65 

165 

Note. All PROMS are direct equivalents to their respective ROMS. 




































































National 

Semiconductor 


MOS RAMs 


MM1101, MM11011, MM1101A, MM1101A1, MM1101A2, MM4250 
256-bit fully decoded static random access memory 

general description 

The MM1101 family of fully decoded 256 word x 
1-bit random access memories are monolithic MOS 
integrated circuits using silicon gate low threshold 
technology to achieve bipolar compatibility. They 
are static, require no clocks, and hold information 
indefinitely, subject to the integrity of the power 
supply voltages. 

features 


applications 

■ High speed buffer memories 

■ Local memory store 


block and connection diagrams 


■ Fast access times MM1101A2 500 ns max 

MM11011,MM1101A1 1.0 ms max 

MMllOl, MMIIOIA 1.5Msmax 
MM4250 650 ns max 

■ Improved speed/poWer product MM 1 101 A2 

l/3ofH01A 

■ Low power operation 1.5mW/bit 


• Fewer system components - bipolar compatible 
input and output 

■ Second source flexibility- MM 1 101, MMIIOIA 
MM11011, MM1101A1 second sources avail- 
able 

■ TRI-STATE'*’'^ output - wired OR capability 

■ Specified ambient temperature 0°C to +70°C,; 
for MMllOl family; -bb°C to +125°C for 
MM4250 



Vo = PIN 4 
Vdd = PIN8 



Order Number MM1101D, 
MM1101AD, MMllOl AID, 
MM1 101 A2D, MM1 101 ID 
or MM4250D 
See Package 3 
Order Number MM1101N, 
MM1101AN, MM1101A1N, 
MM1101A2N or MMllOl IN 
See Package 15 
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MM1101. MM11011, MM1101A, 
MM1101A1, MM1101A2, MM4250 





MM1101, MM11011, MM1101A, 
MM1101A1, MM1101A2, MM4250 


absolute maxinrium ratings 

All Input or Output Voltages with Respect to the Most Positive Supply 
Voltage, Vss +0-3V to -20V 

Supply Voltages Vqd and Vp with -16V 

Respect to Vgg 

Power Dissipation at Room Temperature 700 mW 

Operating Temperature 

MM1 101 Family 0°C to +70®C ambient 

MM4250 -55°C to +125 °C ambient 

Storage Temperature -66°C to +160'*C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc characteristics 

Ta = 0®C to +70®C for MM1 lOt Family, T^ = -55°C to +125°C for MM4250; 

Vss = +5V ±5%, Vo = Vdd = -9V ±5% for MM4250, MM1101A, MM1101A1, MM1101A2; 

Vss = +5V ±5%, Vo =-10V ±5%, Voo = -7V ±5%, for MM1 101, MM1 101 1 (unless otherwise specified). 







1 MM1 101 FAMILY I 


MM42S0 




















MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



•u 

Input Load Current 
(All Input Pins) 

V,N =0.0 



0.001 

0.5 



1.0 

pA 


Ilo 

Output Leakage Current 

VppT = 0.0V, CS = Vss - 2.0V 


0.001 

0.5 



1.0 

AiA 


hoo 

Power Supply Current, Vqd 

= 25°C 



13.0 

19.0 


13.0 

19.0 

mA 

MM4250 
MM1101A , 

1 loo 

Power Supply Current, Vpo 

Ta = 0°C 

Continuous 
■ Operation 



25.0 



25.0 

mA 

MM1101A1 

MM1101A2 

1 

Power Supply Current, Vq 

Ta = 25°C 

lpL = 0.0 mA 


12.0 

18.0 


12.0 

18.0 

mA 



Power Supply Current, Vp 

Ta = 0“C , 




24.0 



24.0 

mA 


V|L 

Input LOW Voltage 



Vss -10 


Vss -4.2 

Vss - 10 


Vss - 4.2 

V 


V|H 

Input HIGH Voltage 



Vss - 2.0 


Vss + 0.3 

Vss - 2.0 


Vss +0.3 

V 


*OL 

Output Sink Current 

VouT = +0.45V, Ta = 25°C 

3.0 

8.0 


3.0 

8.0 


mA 


•OL 

Output Sink Current 

VouT = +0.45V, Ta = 70“C 

2.0 



2.0 



mA 


ICF 

Output Clamp Current 

VppT = -l OV, Ta = □‘’C 


6.0 

13.0 


6.0 

13.0 

mA 


•oh 

Output Source Current 

VpuT = O.OV, Ta = +25“C 

-3.0 

-8.0 


-3.0 

-8.0 


mA 


loH 

Output Source Current 

VpuT = O.OV, Ta = +70‘’C 

-2.0 

-7-0 


-2.0 

-7.0 


mA 


VOH 

Output HIGH Voltage 

lpH = -100pA 

3.5 

4.9 


3.5 

4.9 


V 


C|N 

Input Capacitance (Note 3) 
(All Input Pins) 

V,N = Vss 

1 


7.0 

10.0 


7.0 

10.0 

pF 


CoUT 

Output Capacitance 

Vour=Vss 

1 f = 1 MHz 


7.0 

10.0 


2 0 

10.0 

pF 


Cv 

Vp Power Supply 
Capacitance 

Vo = Vss 

j 


20.0 

35.0 


20.0 

35.0 

pF 

MM1101 1 

•do 

Power Supply Current, Vpp 

Ta = 25”C I 

Continuous 

Operation 


14.0 

18.0 




mA 

MM11011 j 

lo 

Power Supply Current, Vp 

Ta = 25°C I 

Iql = 0 0 ttrA 


17.0 

20.0 




mA 


ac characteristics 

Ta =0°Cto+70°CforMM1101 Family, Ta =-55°Cto+125°CforMM4250; 

Vss =+5V ±5%, Vo = VpD =“9V ±5% for MM4250, MM1101A, MM1101A1, MM1101A2; 

Vss = +5V ±5%, Vo = -10V ±5%, Vdd = -7V ±5%, for MM1101, MM1101 1 (unless otherwise specified). 


SYMBOL 

TEST 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

trc 

Read Cycle MM1 101, MM1 101 A 

1.5 





MM11011, MM1101A1 

1.0 





MM1101A2 






MM4250 





tac 

Address to' Chip Select Delay 






MM1101, MM1101A, 



1.2 (Note 4) 



MMIIOII, MM1101A1 



0.7 (Note 4) 

MS 


MM1101A 



0.2 (Note 4) 

MS 


MM4250 



0.35 (Note 4) 

MS 

ta 

Access Time MM1101, MM1101A 


0.85 

1.5 

MS 


MM11011, MM1101A1 


0.65 

1.0 

MS 


MM1101A2 


400.0 

500.0 

ns 


MM4250 


400.0 

650.0 

ns 

tph 

Previous Read Data Valid 

50.0 



ns 


Note 1: All voltage measurements are referenced to ground. 

Note 2: Typical values are at T/\ = +25°C and nominal supply voltages. 
Note 3: Capacitances are measured periodically only. 

Note 4: Maximum value for tgc measured at minimum read cycle. 
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ac characteristics (con't) 


WRITE CYCLE (MM1101, MM11011, MM1101A, MM1101A1. MM1101A2) 


SYMBOL 

TEST 

tyve 

Write Cycle 

two 

Address to Write Pulse Delay 

twp 

Write Pulse Width 

tow 

Data Set up Time 

toH 

Data Hold Time 


WRITE CYCLE (MM4250) 



tyyc 

Write Cycle 

1.0 

t^^d 

Address to Write Pulse Delay 

0.35 

tyyp 

Write Pulse Width 

0.50 

t(jy^ 

Data Set-up Time 

0.35 

tdh 

Data Hold Time 

0.15 



CHIP SELECT AND DESELECT (MM1101, MM11011, MM1101A, MM1101A1, MM1101A2, MM4250) 
tew Select Pulse Width 0.4 

tes Access Time Through Chip 0.2 

Select Input 

tcD Chip Deselect Time 0.1 


Note T: All voltage measurements are referenced to ground. 

Note 2: Typical values are at T^ - +25°C and nominal supply voltages. 
Note 3: Capacitances are measured periodically only. 

Note 4: Maximum value for tge measured at minimum read cycle. 

typical performance characteristics 


Typical Access Time vs 
Voltage 


Typical Access Time vs 
Temperature 


MM1101A, MM1101A1, 
MM1101A2, MM4250 
Operating Region 










— 

17 






B 16 






> 15 




/typical c 


o 

> 14 

^ 13 

— 


Ktijiyn 1 
/GUARANTEEt 

Loperating 

j |REGI0N 

— 

11 



- 

xn 


-10 10 30 50 

TEMPERATURE rC) 


I 12 14 

Vss-Vdd(V) 


ac test circuit 


Test Setup for MM1 101 A and MM1 101 A Speed Measurement 


ADDRESS I r 1“ I ppATA 
. iWPUT MM1101/ output^ 
MM1101A 1 


Input pulse amplitudes: OV to -*-5.0V. 

Input pulse rise and fall times ^10 ns. 

Speed measurements are referenced to the 1.5V level (unless otherwise noted); 
at the output of the TTL gate (tpd < 10 ns) Cl < 20 pF. 
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MM1101, MM11011, MM1101A, 
MM1101A1. MM1101A2, MM4250 


switching time waveforms 


Read Cycle Chip Select and Deselect 



Write Cycle Power Switching For Reduced Power Applications 



Note 1 : All inputs of the MM1 101 A accept standard TTL outputs with Vcq = +5.0V ±5%. 
Note 2: Maximum value for t/^c nieasured at minimum read cycle. 
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^National MOS RAMs 

JCm Semiconductor 


MM2101, MIVI2101-1, MM2101-2 1024-bit (256 x 4) static MOS RAM 
with separate I/O 

general description 

The National MM2101 is a 256 word by 4 bit static 
random access memory element fabricated using N- 
Channet enhancement mode Silicon Gate technology. 

Static storage cells eliminate the need for refresh and 
the additional peripheral circuitry associated with refresh. 

The data is read out nondestructively and has the same 
polarity as the input data. 

The 2101 is directly TTL compatible in all respects: 
inputs, outputs, and a single +5 V supply. Two chip- 
enables allow easy selection of an individual package 
when outputs are OR-tied. An output disable is provided 
so that data inputs and outputs can be tied for common 
I/O systems. The features of this memory device can be 
combined to make a low cost, high performance, and 
easy to manufacture memory system. 

National's silicon gate technology also provides protec- 
tion against contamination, and permits the use of. low 
cost Epoxy B packaging. 


block and connection diagrams 


*3 
A2 
Ai 
AO 
As 
A6 
A? 

GNO 
Dll 

D0i 
Dl2 

PIN NAMES 

DI-, - DI 4 DATA INPUT 

A 0 -A 7 ADDRESS INPUTS 

R/^W READ/WRITE INPUT 

CE1,CE2 CHIP ENABLE 

OD OUTPUT DISABLE 

D 6 i - DO 4 data OUTPUT 

Vcc POWER (+5 V) 

Order Number MM21 010 , 
MM210MD or MM2101-2D 
See Package 5 
Order Number MM2101*N, 
MM210MN or MM2101-2N 
See Package 17 




features 

■ Organization 256 Words by 4 Bits 

■ Access Time — 0.5 to 1 .0 jUs Max. 

■ Single -i-5 V Supply Voltage 

■ Directly TTL Compatible — All Inputs and Outputs 

■ Static MOS — No Clocks or Refreshing Required 

■ Simple Memory Expansion — Chip Enable Input 

■ Low Cost Packaging — 22 Pin Epoxy B Dual-ln-Line 
Configuration 

■ Low Power — Typically 1 50 mW 

■ Tri-State ® Output — OR-Tie Capability 

■ Output Disable Provided for Ease of Use in Common 
Data Bus Systems 
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MM2101, MM2101-1. MM2101-2 




Z -LOLZI/MI/M L LOLZI/MI/M LOLZIAIIAI 


absolute maximum ratings 

Ambient Temperature Under Bias 
Storage Temperature 

Voltage on Any Pin With Respect to Ground 
Power Dissipation 


0°C to +70°C 
-65°Cto+150°C 
-0.5 V to +7 V 
1 Watt 


dc electrical characteristics TA = 0°Cto+70°C, Vcc= 5 V + 5%unless otherwise specified. 


Symbol 

Parameter 

Min. 

Typ.f^l 

Max. 

Unit 

Test Conditions 

ILI 

Input Current 



10 

iuA 

V|N-0 to 5.25 V 

>LOH 

I/O Leakage Currentl2l 



15 

ma 

CE1 =2.2 V, VouT = 4.0 V 

'lol 

I/O Leakage Currentl2] 



-50 

UlA 

CE1 =2.2 V, Vour=0.45 V 

•cci 

Power Supply Current 


30 

60 

mA 

V||\j = 5,25 V, lo = 0 mA 
Ta = 25°C 

ICC2 

Power Supply Current 



70 

mA 

V|N = 5.25 V, lo = 0mA 
Ta = 0"C 

V|L 

Input "Low" Voltage 

-0.5 


+0.65 

V 


V|H 

Input "High" Voltage 

2.2 


Vcc 

V 


VOL 

Output "Low" Voltage 



+0.45 

V 

•OL~ 2.0 mA 

vqh 

Output "High" Voltage 

2.2 



V 

IOH = "150mA 


Note 1: Typical values are for T/^ = 25°C and nominal supply voltage. 

Note 2: Input and Output tied together. 


capacitance TA = 25'"c,f = i mhz 


Symbol 

Test 

Limits (pF) 

Typ. 

Max. 

C|N 

Input Capacitance (All Input Pins) V||\j = 0 V 

4 

8 

cqut- 

Output Capacitance VquT = 0 V 

8 

12 


switching time waveforms 


READ CYCLE (R/W="1") 



WRITE CYCLEf2] 



Note 1 : tQF is with respect to the trailing edge of CE1 , CE2, or OD, whichever occurs first. 

Note 2: During the write cycle, OD is a logical 1 for common I/O and "don't care" for separate I/O operation. 

Note 3: OD should be tied low for separate I/O operation. 
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dlC 6l6CtriCdi Ch3r3Ct©riStiCS TA = 0'^C to+70°C,Vcc=5 y ± 5%, unless otherwise specified. 

MM2101 

Symboi 

Parameter 

Min. 

Typ. 

Max. 

Unit 

1 Test Conditions 

READCYCLE | 

tRCY 

Read Cycle 

1,000 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tA 

Access Time 



1,000 

ns 

Input Pulse Rise and Fall Times: 

tco 

Chip Enable to Output 



800 

ns 

20 ns 

tOD 

Output Disable to Output 



700 

ns 

Timing Measurement Reference 


Data Output to High Z State 

0 


200 

ns 

Level: 1.5 V 

tOH 

Previous Data Read Valid after 

0 



ns 

Output Load: 1 TTL Gate and 


change of Address 





Cl=100pF 

WRITE CYCLE 

tWCY 

Write Cycle 

1,000 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tAW 

Write Delay 

150 



ns 

Input Pulse Rise and Fall Times: 

tew 

Chip Enable to Write 

900 



ns 

20 ns 

tDW 

Data Setup 

700 



ns 

Timing Measurement Reference 

tDH 

Data Hold 

100 



ns 

Level: 1.5 V 

tWP 

Write Pulse 

750 



ns 

Output Load: 1 TTL Gate and 

tWR 

Write Recovery 

50 



ns 

Cl=100pF 

MM21 01-1 {500 ns Access Time) 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

READ CYCLE | 

tRCY 

Read Cycle 

500 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tA 

Access Time 



500 

ns 

Input Pulse Rise and Fall Times: 

tco 

Chip Enable to Output 



350 

ns 

20 ns 

too 

Output Disable to Output 



300 

ns 

Timing Measurement Reference 

tDF^''^ 

Data Output to High Z State 

0 


150 

ns 

Level: 1.5 V 

tQH 

Previous Data Read Valid after 

0 



ns 

Output Load: 1 TTL Gate and 


change of Address 





Cl= 100 pF 

WRITE CYCLE | 

tWGY 

Write Cycle 

500 


1 

i 

ns 

Input Pulse Levels: +0.65 to +2.2 V 

tAW 

Write Delay 

100 



ns 

Input Pulse Rise and Fall Times: 

tew 

Chip Enable to Write 

400 



ns 

20 ns 

tDW 

Data Setup 

280 



ns 

Timing Measurement Reference 

tDH 

Data Hold 

100 



ns 

Level: 1.5 V 

tWP 

Write Pulse 

300 



ns 

Output Load: 1 TTL Gate and 

tWR 

Write Recovery 

50 



ns 

Cl=100pF 

MM21 01 -2 (650 ns Access Time) 

Symbol | 

1 Parameter | 

Min. 1 

Typ. 1 

Max. 1 

Unit 1 

Test Conditions | 

READCYCLE | 

tRCY 

Read Cycle 

650 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tA 

Access Time 



650 

ns 

Input Pulse Rise and Fall Times: 

tco 

Chip Enable to Output 



400 

ns 

20 ns 

too 

Output Disable to Output 



350 

ns 

Timing Measurement Reference 

tOF^^^ 

Data Output to High Z State 

0 


150 

ns 

Level: 1.5 V 

tQH 

Previous Data Read Valid after 

0 



ns 

Output Load: 1 TTL Gate and 


change of Address 





Cl=100pF 

WRITE CYCLE | 

twCY 

Write Cycle 

650 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tAW 

Write Delay 

150 



ns 

Input Pulse Rise and Fall Times: 

tew 

Chip Enable to Write 

550 



ns 

20 ns 

tDW 

Data Setup 

400 



ns 

Timing Measurement Reference 

tDH 

Data Hold 

100 



ns 

Level: 1.5 V 

tWP 

Write Pulse 

400 



ns 

Output Load: 1 TTL Gate and 

twR 

Write Recovery 

50 



ns 

Cl=100pF 

Note 1 : tQF is with respect to the trailing edge of CE1 , CE2, or OD, whichever occurs first. 
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MM2101, MM2101-1, MM2101-2 



MM2102, MM2102-1, MM2102-2 



National 

SemiconductDr 


MOS RAMS 


MM2102. MM2102-1, MM2102-2 

1024-bit fully decoded static random access memories 


general description 

The MM2102 family of 1024 word by one bit static 
random access read write memories are manufactured 
using N-channel enhancement mode silicon gate tech- 
nology. Static storage cells eliminate the need for clocks 
and refresh. Data in and data out have the same polarity 
and the read operation is nondestructive. 

Low threshold silicon gate N-channel technology allows 
complete DTL/TTL compatibility of all inputs and 
outputs as well as a^ingle +5V supply. The separate 
chip enable input (CE) controlling the TRI-STATE® 
output allows easy memory expansion by OR-tying 
individual devices to a data bus. 

The simple interface and high performance make the 
MM2102 family ideally suited for those applications, 
for large and small storage capacity, where cost is an 
important design consideration- 


features 

■ Single +5V supply 

■ All inputs and output directly DTL/TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power 1 50 mW typ 

■ Fast access 

MM2102 1/is 

MM2102-1 500 ns 

MM2102-2 650 ns 

■ TR I -STATE output for bus interface 

■ Chip enable allows simple memory expansion 

■ On chip address decode 

■ All inputs protected against static discharge 

■ Low cost 16-pin Epoxy B package 


block and connection diagrams 



Dual-in-Line Package 



Order Number MM2102D, 
MM21 02-ID or MM2102-2D 
See Package 3 
Order Number MM2102N, 
MM2102-1N or MM2102-2N 
See Package 15 
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absolute maximum ratings (Note 1) 





Voltage at Any Pin -0,5V to +7.0V 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +1 50°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 





dc electrical characteristics 

(Ta within operating temperature range, Vcc = 5V ±5%, unless otherwise noted.) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical " Input Voltage (V|h ) 


2.2 


u 

u 

> 

V 

Logical "0" Input Voltage (V|l) 


-0.5 


0.65 

V 

Logical "V' Output Voltage (Vqh) 

^OH ~ — 100/xA 

2.2 



V 

Logical “0" Output Voltage (Vql) 

Iql ~ 1 .9 mA 



0.45 

V 

Input Load Current (Ili) 

V,N = 0 to 5.25V 



10 

HA 

Output Leakage Current (Iloh) 

^ = 2.2V, VouT = 4.0V 



10 

juA 

Output Leakage Current (Ilol) 

^ = 2.2V, VouT = 0.45V 



-100 

juA 

Power Supply Current (Icci ) 

All Inputs = 5.25V, Data Out Open, 
Ta-ZS-C 


30 

60 

mA 

Power Supply Current (Icc 2 ) 

All Inputs = 5.25V, Data Out Open, 
Ta =0“C 



70 

mA 

ac electrical characteristics 

(Ta within operating temperature range, Vcc “ 5V ±5%, unless otherwise specified.) 
See ac test circuit and switching time waveforms. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

READ CYCLE 



Read Cycle (tRc) 






MM2102 

R/W-V.h 

1000 



ns 

MM2102-1 

R/W = V|h 

500 



ns 

MM2102-2 

R/W = V|H 

650 



ns 

Access Time (tA ) 






MM2102 





ns 

MM2102-1 





ns 

MM2102-2 




650 

ns 

Chip Enable to Output Time (tco ) 






MM2102 





ns 

MM2102-1 





ns 

MM2102-2 





ns 

Previous Read Data Valid with 


50 



ns 

Respect to Address (toHi ) 






Previous Read Data Valid with 


0 



ns 

Respect to Chip, Enable (toH 2 ) 
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MM2102, MM21024, MM2102-2 




























MM2102, MM2102-1, MM2102-2 


ac electrical characteristics (con't) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

WRITE CYCLE 

Write Cycle (twc) 



1 



MM2102 


1000 

1 


ns 

MM2102-1 


500 



ns 

MM2102-2 


650 



ns 

Address to Write Set-up Time (t^w) 






MM2102 


200 



ns 

MM2102-1 


150 



ns 

MM2102-2 


200 



ns 

Write Pulse Width (twp) 






MM2102 


750 



ns 

MM2102-1 


300 



ns 

MM2102-2 

1 

400 



ns 

Write Recovery Time (twR) 
Data Set-up Time (tow) 


50 



ns 

MM2102 


800 



ns 

MM2102-1 


330 



ns 

MM2102-2 


450 



ns 

Data Hold Time (ton ) 

Chip Enable to Write Set-up Time (tew ) 


100 



ns 

MM2102 


900 



ns 

MM2102-1 


400 



ns 

MM2102-2 


550 



ns 

CAPACITANCE 

Input Capacitance (All Inputs) (C||sj) 

V,N = ov, Ta = 25*^0, f= 1.0 MHz 


3.0 

5.0 

PF 

(Note 4) 

(Note 2) 





Output Capacitance (Cqut) (Note 4) 

VouT = OV, Ta = 25°C, f = 1.0 MHz 
(Note 2) 


7.0 

10.0 

PF 


Note l: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used: Logical "1" = most positive voltage level. Logical "0" = most negative voltage level. 

Note 4: Typical values are for T/\ == 25° C and nominal supply voltage. 


switching time waveforms 


Read Cycle 



Non: Ml times memirad with respect to 1.5V level 
with t, end tf £ 20 ns. 


Write Cycle 





















INPUT LEVEMV) Icc -POWER SUPPLY CURRENT (mA) 


ac teist circuit 


AMYTTLMTE 



*OeliY timet measured at MM2102 output. 


typical performance characteristics 


Power Supply Current vs Output Source Current Output Sink Current 

Temperature vs Temperature vs Temperature 



-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 


Ta -AMBIENT TEMPERATURE (C) T* - AMBIENT TEMPERATURE (°C) T^ - AMBIENT TEMPERATURE TO 

Write Pulse Width and Chip 


Input Levels vs Power Enable—To Output Delay vs 

Supply Voltage Access Time vs Temperature Temperature 



4.5 4.75 5.00 5.25 5.50 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

POWER SUPPLY VOLTAGE (V) Ta - AMBIENT TEMPERATURE | C| Ta - AMBIENT TEMPERATURE ("0 



Ml 


MM2102, MM2102-1, MM2102-2 




MM2102A, MM2102AL Family 


MOS RAMs 



National 

Semiconductor 


MM2102A, MM2102AL family 

1024-bh (1024 X 1) static random access memories 

general description 


The MM2102A family of high speed 1024 x 1-bit static 
random access read/write memories are manufactured 
using N-channel depletion -mode silicon gate technology. 
Static storage cells eliminate the need for clocks or 
refresh circuitry and the resultant cost associated with 
them. 

Low threshold silicon gate N-channel technology allows 
complete DTL/TTL compatibility of ail inputs and 
outputs as well as a single 5V supply. The separate 
chip enable Input (CE) controlling the TRI-STATE® 
output allows easy memory expansion by OR-tying 
individual devices to a data bus. Data in and data out 
have the same polarity. 

In addition to the MM2102A, a low power version, 
the MM2102AL, Is also available. This selection offers 


a maximum operating current of 33 mA and a guar- 
anteed standby mode down to a power supply voltage 
of 1.5V. 

features 

■ Single 5V supply 

■ All inputs and outputs directly DTL/TTL compatible 

■ Static operation— no clocks or refresh 

■ TRI-STATE output for bus interface 

■ All inputs protected against static charge 

■ Access time down to 250 ns 


block diagram 



AS A6 A7 A8 A9 


truth table 


CE 

R/W 


DoUT 

MODE 

H 

X 

X 

Hi-Z 

Not selected 

L 

L 

L 

L 

Write "0" 

L 

L 

H 

H 

Write “1" 

L 

H 

X 

Dqut 

Read 


connection diagram 

OuaMn-Line Package 



TOP VIEW 

Order Number: Order Number: 

MM2102AJ-2L MM2102AN-2L 

MM2102AJ-2 MM2102AN-2 

MM2102AJ-L MM2102AN-L 
MM2102AJ MM2102AN 
MM2102AJ-4L MM2102AN-4L 

MM2102AJ-4 MM2102AN-4 

MM2102AJ-6L MM2102AN-6L 

MM2102AJ-6 MM2102AN-6 

See Package 10 See Package 15 

logic symbol 
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absolute maximum ratings (Note i) 

Voltage at Any Pin -0.5V to +7V 

Voltage at Any Pin -0.5V to +7V 

Storage Temperature ~65°C to +150°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300'^C 


operating conditions 

Supply Voltage (Vcc) 

Ambient Temperature (Ta) 

Input Low Voltage - 

Input High Voltage 


dc electrical characteristics Ta = 0°c to +70°C, Vcc - ±5%, unless otherwise specified. 



Input Load Current 
Output Leakage Current 
Output Leakage Current 
Power Supply Current 

Power Supply Current 

Output Low Voltage 
Output High Voltage 


V|N = 0 to 5.25V 
CE = 2V, VouT = 2.4V 
CE = 2V, VoUT = 0-4V 

All Inputs = 5.25V, 

Data Output Open, 

Ta = 25°C 

All Inputs = 5.25V, 

Data Output Open, 

Ta = 0°C 
•OL 3-2 mA 
IOH = ”200/jA 


MM2102A, 

MM2102A-2. 

MIV|2102A-4, 

MM2102A-6 


MIN MAX 



Note 1: "Absolute Maximum Ratings" are those values beyond wh|ch the device may be permanently damaged. They do not mean the device 
may be operated at these values. 


ac electrical characteristics (With standard load) Ta = 0''c to +70°C,Vcc = 5V ±5% unless otherwise specified. 




READ CYCLE (Figure 1) 


WRITE CYCLE (Figure 2) 


MM2102A-2, 

MM2102A-2L 


MIN MAX 


twc 

Write Cycle 

250 

tAW 

Address to Write Set-Up 

20 

twP 

Write Pulse Width 

100 

tWR 

Write Recovery Time 

0 

tow 

Date Set-Up Time 

85 

tDH 

Data Hold Time 

0 

tew 

Chip Enable To Write 
Set-Up 

100 


MM2102A, 
MM2102A-L 
MIN I MAX 


tRC 

Read Cycle 

250 


tA 

Access Time 


250 

tco 

Chip Enable to Output 
Time 


100 

tOHI 

Previous Read Data Valid 
with Respect to Address 

40 


tOH2 

Previous Read Data Valid 
with Respect to Chip 
Enable 

0 



MM2102A-4, 

MM2102A-4L 


MIN MAX 


MM2102A-6, 

MM2102A-6L 


MAX 



650 


450 


650 

200 

50 

200 


0 



MM2102A, MM2102AL Family 




































MM2102A, MM2102AL Family 


ac electrical characteristics TA = 25°c, f= i mhz 


ac test circuit 


SYMBOL 

PARAMETER 

LIMIT (pF) 
TYP I MAX 

CAPACITANCE ^ 



C|N 

Input Capacitance (All Inputs V||\i = OV) 

3 

5 

COUT 

Output Capacitance, Vq = OV 

4 

6 


Note 2: This parameter is guaranteed by periodic testing 

switching time waveforms 




V,H 

DATA DATA CAN> 
IN CHANGE J 
V|L ' 


FIGURE 1. Read Cycle 


■* tpw 

f 

DATA STABLE 

: 

FIGURE 2. Write Cycle 


Input reference level for timing is 1 .5V. 

Vqh ~ 2V is reference level for output high. 
Vql " 0 8V is reference level for output low. 
input rise and fall times are 10 ns. 


standby characteristics TA = o°cto+70°c 


SYMBOL 

PARAMETER 

CONDITIONS 

MM2102A, MM2102A-2, 
MM2102AA MM2102-6 

MM2102A-L, MM2102A-2L, 
MM2102A-4L, MM2102A-6L 

UNITS 




MIN 

TYP (3) 

MAX 

MIN 

TYPO) 

MAX 


VpD 

VcC in Standby 


1.5 



1.5. 



V 

VCES 

CE Bias in Standby 

2<VpD<VcCMAX 

2.0 



2.0 



V 

VCES 

CE Bias in Stand-by 

1-5<VpD<2 

VpD 



VpD 



V 

IPDI 

Standby Current 

All Inputs = VpD = 1 -5V 



28 



23 

mA 

•PD2 

Standby Current 

All Inputs = Vpp = 2V 



38 



28 

mA 

tqp 

Chip Deselect to 
Standby Time 


0 



0 



ns 

tR 

Recovery Time 
(Note 4) 


tRC 



tRC 



ns 


Note 3: Typical values at T/^ = 25° C. 
Note 4: tR= tRQ = read cycle time. 

standby waveforms 
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National 

Semiconductor 


MOS RAMs 


MM2102MD, MM2102-2MD military temperature range 
1024-bit fully decoded static random access memories 


general description 


features 


The MM2 102 family of 1024 word by one bit static 
random access read write memories are manufactured 
using N-channel enhancement mode silicon gate tech- 
nology. Static storage cells eliminate the need for clocks 
and refresh. Data in and data out have the same polarity 
and the read operation Is nondestructive. 

Low threshold silicon gate N-channel technology allows 
complete DTL/TTL compatibility of all inputs and 
outputs as well as a single +5V supply. The separate 
chip enable input (CE) controlling the TRI-STATE® 
output allows easy memory expansion by OR-tying 
individual devices to a data bus. 

The simple interface and high performance make the 
MM2102 family ideally suited for those applications, 
for large and small storage capacity, where cost is an 
important design consideration. 


Single +5V supply 

All inputs and output directly DTL/TTL compatible 
Static operation— no clocks or refreshing required 


Low power 


MM2102 

MM2102-2 


1 50 mW typ. 


■ TR I -STATE output for bus interface 

■ Chip enable allows simple memory expansion 

■ On chip address decode 

■ All inputs protected against static discharge 

■ -55°C to +1 25°C Operation 



IM2102IVID, MM2102-2MO 






MM2102MD, MM2102-2MD 


absolute maximum ratings (Note 1) 


Voltage at Any Pin 
Operating Temperature Range 
Storage Temperature Range 
Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 


-0.5V to +7.0V 
-55°Cto +125°C 
-65°C to +150°C 
1W 
300°C 


dc electrical characteristics 

within operating temperature range, Vcc ~ 5V ±10%, unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 


2.2 


< 

o 

o 

V 

V,L 

Logical "0" Input Voltage 


-0.5 


0.65 

V 

Vqh 

Logicar'T' Output Voltage 

Iqh ““IOO/iA 

2.2 



V 

VoL 

Logical "0" Output Voltage 

1 QL —2.1 m A 



0.45 

V 

«U 

Input Load Current 

V,N=Oto5.5V 



10 

MA 

Iloh 

Output Leakage Current 

CE = 2.2V, Vqut = 4.0V 



10 

jUA 

Ilol 

Output Leakage Current 

CE = 2.2V, Vqut = 0.45V 



-50 

ma 

Icci 

Power Supply Current 

All Inputs = 5.5V, Data Out Open, 
Ta = 25°C, (Note 4) 


25 

45 

mA 

•cc 2 

Power Supply Current 

All Inputs = 5.5V, Data Out Open, 
Ta =-55°C to +125^^0 



55 

mA 


ac electrical characteristics 

(T^ within operating temperature range, Vcc ^ ±10%, unless otherwise specified.) 

See ac test circuit and switching time waveforms. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

READ CYCLE 

^RC 

Read Cycle 







MM2102 

R/W = V,h 

1000 



ns 


MM2102-2 

R/W = V,H 

650 



ns 

tA 

Access Time 







MM2102 




1000 

ns 


MM2102-2 




650 

ns 

tco 

Chip Enable to Output Time 







MM2102 




500 

ns 


MM2102-2 





ns 

to HI 

Previous Read Data Valid with 


50 



ns 


Respect to Address 






^OH2 

Previous Read Data Valid with 


0 



ns 


Respect to Chip, Enable 
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ac electrical characteristics (con't) 


PARAMETER 


CONDITIONS 


TYP MAX UNITS 


WRITE CYCLE 


Address to Write Set-Up Time 


Write Pulse Width 


Write Recovery Time 
Data Set-Up Time 


Data Hold Time 

Chip Enable to Write Set-Up Time 


CAPACITANCE 


Input Capacitance (All Inputs) 


Output Capacitance 


^ 25 C, f = TO MHz 


(Notes 2 and 4) 


(Notes 2 and 4) 


= 25"C, f = TO MHz 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used; Logical "1 " = most positive voltage level. Logical "0" = most negative voltage level. 

Note 4: Typical values are for T/\^ = 25°C and nominal supply voltage. 


switching time waveforms 




Note: All times measured with respect to 1 ,5V level 
with t, and t* < 20 ns. 


DATA DATA CAN > 
IN CHANGE> 
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MM2102MD, MM2102-2MD 





MM2102MD, MM2102-2MD 


ac test circuit 



*Delay times measufed at WIIVI2102 output. 


typical performance characteristics 


Power Supply Current vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE (“0 


Output Source Current 
vs Temperature 


-75 -50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE TO 


Input Levels vs Power 
Supply Voltage 



4.5 4.75 5.00 5.25 5.50 


POWER SUPPLY VOLTAGE (V) 


Access Time vs Temperature 



Ta - AMBIENT TEMPERATURE ("0 


Output Sink Current 
vs Temperature 


0 

-75 -50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE (“O 

Write Pulse Width and Chip 
Enable— To Output Delay vs 
Temperature 






— j 





TIME (ns) 




T< 

:o 

I 1 

cc ' 

4.5 




-Twp 

L vi =j 

1 

1.5' 

V, 


1.5 

Tco 

— 1 



— 

-J 

E 

B 

—1 

T|n,p 



-*= 

•i 

V, 

! 

cc = ■ 

L 

5.5 

u 





-75 -50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE TO 




Semiconductor 


MOS RAMs 


MM2111, MM2111-1, MM21H-2 1024 -bit (256 x 4) static MOS RAM 
with common I/O and output disable 


general description 

The National MM2111 is a 256 by 4 static random 
access memory element fabricated using N-channel 
enhancement mode Silicon Gate technology. Static 
storage cells eliminate the need for refresh and the 
peripheral circuitry associated with refresh. The data is 
read out nondestructively and has the same polarity as 
the input data. Common Data Input/Output pins are 
provided. 

The 2111 is directly TTL in all respects: inputs, outputs 
and a single +5 V supply. The two Chip-enables allow 
easy selection of an individual package when outputs 
are OR-tied. The features of this memory device can be 
combined to make a low cost, high performance, and 
easy to manufacture memory system. 

National's silicon gate technology provides excellent 
protection against contamination and permits the use of 
low cost Epoxy B packaging. 


features 

■ Organization 256 Words by 4 Bits 

■ Common Data Input and Output 

■ Single +5 V Supply Voltage 

■ Directly TTL Compatible — All Inputs and Outputs 

■ Static MOS — No Clocks or Refreshing Required 

■ Access Time — 0.5 to 1.0 //s Max. 

■ Simple Memory Expansion — Chip Enable Input 

■ Low Cost Packaging — 18 Pin Epoxy B Dual-ln-Line 
Configuration 

■ Low Power — Typically 1 50 mW 

■ Tri-State ® Output — OR-Tie Capability / 


block and connection diagrams 




A 0 -A 7 ADDRESS INPUTS 

OD OUTPUT DISABLE 

R/W READ/WRITE INPUT 

CE1 CHIP ENABLE 1 

CE2 CHIP ENABLE 2 

I/O- 1 -I/O 4 DATA INPUT/OUTPUT 


Order Number MM21 1 1 D, 
MM211MD or MM2111-2D 
See Package 4 
Order Number MIVI21 1 1 N, 
MM2111-1N or MM2111-2N 
See Package 16 
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MM2111, MM2111-1, MM2111-2 





MM2111, MM2111-1. MM2111-2 


absolute maximum ratings 


Ambient Temperature Under Bias 0°C to +70°C 

Storage Temperature -65°C to +1 50°C 

Voltage On Any Pin With Respect to Ground «0.5 V to +7 V 
Power Dissipation 1 Watt 


dc electrical characteristics ta = o° C to +70°C, Vcc - 5 V ±5%, unless otherwise specified. 


Symbol 

Parameter 

Min. 

Typ.m 

Max. 

Unit 

Test Conditions 

111 

Input Current 



10 

iuA 

V||vj = 0 to 5.25 V 

iloh 

I/O Leakage Currentf2] 



15 

iuA 

CE = 2.2 V, V|/o = 4.0 V 

ilol 

I/O Leakage Currentt^l 



-50 

iuA 

CE = 2.2V, V|/o = 0.45 V 

Icci 

Power Supply Current 


30 

60 

mA 

V|N = 5.25 V, l|/o- 0 mA 
Ta=25°C 

Icc 2 

Power Supply Current 



70 

mA 

Vim = 5.25 V, l|/0 = 0 iTiA 
Ta = o"c 

V|L 

Input "Low" Voltage 

-0.5 


+0.65 

V 


V|H 

Input "High" Voltage 

2.2 


Vcc 

V 


vql 

Output "Low" Voltage 



+0.45 

V 

IOL~ 2.0 mA 

vqh 

Output "High" Voltage 

2.2 



V 

IOH = -150mA 


Note 1: Typical values are for T/s^ = 25°C and nominal supply voltage. 


capacitance ta = 2s°c, f = i mhz 


Symbol 

Test 

Limit 

s(pF) 



Typ. 

Max. 

CiN 

Input Capacitance (All Input Pins) V|n = 0 V 

4 

8 

C|/0 

I/O Capacitance V I/O = 0 V 

10 

15 


switching time waveforms 


READ CYCLE (R/W = "1") WRITE CYCLE 




Note 1 : tQp is with respect to the trailing edge of CE1 , CE2, or OD, whichever occurs first. 
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ac electrical characteristics TA = o°cto+70°c, vcc = 5vi 
MM2111 

- 5%, unless otherwise specified. 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions [ 

READ CYCLE | 

tRCY 

Read Cycle 

1,000 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tA 

Access Time 



1,000 

ns 

Input Pulse Rise and Fall Times: 

tco 

Chip Enable to Output 



800 

ns 

20 ns 

tOD 

Output Disable to Output 



700 

ns 

Timing Measurement Reference 


Data Output to High Z State 

0 


200 

ns 

Level: 1.5 V 

tOH 

Previous Data Read Valid after 





Output Load: 1 TTL Gate and 


change of Address 

0 



ns 

Cl= lOOpF 

1 WRITE CYCLE | 

twCY 

Write Cycle 

1,000 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tAW 

Write Delay 

150 



ns 

Input Pulse Rise and Fall Times; 

tew 

Chip Enable to Write 

900 



ns 

20 ns 

tDW 

Data Setup 

700 



ns 

Timing Measurement Reference 

tDH 

Data Hold 

100 



ns 

Level: 1.5 V 

twp 

Write Pulse 

750 



ns 

Output Load: 1 TTL Gate and 

tWR 

Write Recovery 

50 



ns 

Cl= 100 pF 

MIVI2111-1 (500 ns Access Time) 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

READ CYCLE | 

tRCY 

Read Cycle 

500 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tA 

Access Time 



500 

ns 

Input Pulse Rise and Fall Times: 

tco 

Chip Enable to Output 



350 

ns 

20 ns 

tOD 

Output Disable to Output 



300 

ns 

Timing Measurement Reference 


Data Output to High Z State 

0 


150 

ns 

Level: 1.5 V 

tOH 

Previous Data Read Valid after 





Output Load: 1 TTL Gate and 


change of Address 

0 



ns 

Cl = 100 pF 

WRITE CYCLE | 

twCY 

Write Cycle 

500 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tAW 

Write Delay 

100 



ns 

Input Pulse Rise and Fall Times: 

tew 

Chip Enable to Write 

400 



ns 

20 ns 

tDW 

Data Setup 

280 



ns 

Timing Measurement Reference 

tDH 

Data Hold 

100 



ns 

Level: 1.5 V 

twP 

Write Pulse 

300 



ns 

Output Load: 1 TTL Gate and 

tWR 

Write Recovery 

50 



ns 

Cl=100pF 

MM211 1-2 (650 ns Access Time) 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

READ CYCLE 

tRCY 

Read Cycle 

650 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tA 

Access Time 



650 

ns 

Input Pulse Rise and Fall Times: 

tco 

Chip Enable to Output 



400 

ns 

20 ns 

tOD 

Output Disable to Output 



350 

ns 

Timing Measurement Reference 

toF'’' 

Data Output to High Z State 

0 


150 

ns 

Level: 1.5 V 

tOH 

Previous Data Read Valid after 





Output Load: 1 TTL Gate and 


change of Address 

0 



ns 

Cl= 100 pF 

WRITE CYCLE | 

twCY 

Write Cycle 

650 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tAW 

Write Delay 

1 50 



ns 

Input Pulse Rise and Fall Times: 

tew 

Chip Enable to Write 

550 



ns 

20 ns 

tDW 

Data Setup 

400 



ns 

Timing Measurement Reference 

tDH 

Data Hold 

100 



ns 

Level: 1.5 V 

tWP 

Write Pulse 

400 



ns 

Output Load: 1 TTL Gate and 

tWR 

Write Recovery 

50 



ns 

Cl= 100 pF 
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MM2111, MM2111-1. MM2111-2 



MM2112, MM2112-2 



National 

Semiconductor 


MOS RAMS 


MM2112, MM2112-2 1024-bit (256 x 4) static MOS RAM 
with common data I/O 


general description 

The National MM2112 is a 256 by 4 static random 
access memory element fabricated using N-Channel 
enhancement mode Silicon Gate technology. Static 
storage cells eliminate the need for refresh and the 
peripheral circuitry associated with refresh. The data is 
read out nondestructively and has the same polarity as 
the input data. Common Data Input/Output pins are 
provided. 

The MM2112 is directly TTL in all respects: inputs, 
outputs and a single +5 V supply. The Chip-enable 
allows easy selection of an individual package when 
outputs are OR-tied. The features of this memory device 
can be combined to make a low cost, high performance, 
and easy to manufacture memory system. 

National's silicon gate technology provides excellent 
protection against contamination and permits the use of 
low cost Epoxy B packaging. 


features 

■ Organization 256 Words by 4 Bits 

■ Common Data Input and Output 

■ Single +5 V Supply Voltage 

■ Directly TTL Compatible — All Inputs and Outputs 

■ Static MOS — No Clocks or Refreshing Required 

■ Access Time — 0.65 to 1 fis Max. 

■ Simple Memory Expansion — Chip Enable Input 

■ Low Cost Packaging — 16 Pin Epoxy B Dual-ln-Line 
Configuration 

■ Low Power — Typically, 1 50 mW 

■ Tri-State ® Output — OR-Tie Capability 


block and connection diagrams 




VCC 

A4 

R/W 

CE 

I/O4 

I/O3 

I/O2 

I/O1 


PIN NAMES 

A0-A7 ADDRESS INPUTS 

R/W READ/WRITE INPUT 

CE CHIP ENABLE INPUT 

I/O1-I/O4 DATA INPUT/OUTPUT 
Vcc POWER ( + 5 V) 

Order Number MM2112D 
orMM2112-2D 
See Package 3 
Order Number MM2112N 
or MM2112-2N 
See Package 15 
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absolute maximum ratings 

Ambient Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect to Ground -0.5 V to +7 V 
Power Dissipation 1 Watt 


dc electrical characteristics ta>= 0°C to +70° C, Vqc = 5 V ± 5% unless otherwise specified. 


Symbol 

Parameter 

Min. 

Typ.Oi 

Max. 

Unit 

Test Conditions 

«LI 

Input Current 



10 

fiA 

V((\j = 0 to 5.25 V 

ILOH 

I/O Leakage Current 



15 

mA 

^ = 2.2 V,V|/o = 4.0 V 

•lol 

I/O Leakage Current 



-50 

juA 

CE = 2.2 V, V|/o = 0.45 V 

Icci 

Power Supply Current 


30 

60 

mA 

V|N = 5.25 V. 1 1 / 0 == 0 mA 
Ta = 25°C 

'CC2 

Power Supply Current 



70 

mA 

V||M = 5.25 V, l(/o = 0 mA 
Ta = 0°C 

V|L 

Input "Low" Voltage 

-0.5 


+0.65 

V 


V|H 

Input "High" Voltage 

2.2 


Vcc 

V 


VoL 

Output "Low" Voltage 



+0.45 

V 

IOL~2mA 

VOH 

Output "High" Voltage 

2.2 



V 

IQH = -150/iA 


Note 1: Typical values are for T/\ = 25 C and nominal supply voltage. 


capacitance ta = 25 °c, f = i mhz 




1 Limits (dF) 

Symbol 

Test 

Typ. 

Max. 

C|M 

Input Capacitance (All Input Pins) V||\j = 0 V 

4 

8 

C |/0 

I/O Capacitance V I/O - 0 V 

10 

18 


switching time waveforms 

READ CYCLE (R/W= "r ) 



tRCY- 

tA— ► 



ADDRESS^ 

r- 

) 

tco 


[f 


tco— ► 

INPUT/OUTPUT 

1- 


WRITE CYCLE#! WRITE CYCLE #2 


address"^ 

^WCYI * 


— tWCYZ- ► 

cz 

_J 

^ ADDRESS ^ 

( ^ ) 

— 

tcsi 




|-*-tCS2 

tCH2 


CE 


V_ : .! 

Jr 

CE 




towi-*- 




-^tDW2^► 


input/output 


1 / DATA IN 
f 1 STABLE 

)( 

INPUT/OUTPUT 


D 

fDATA IN 
i STABLE 

)( 




tDHih)— ► 

i / 



%D2-*- 





READ/WRITE 

tAWt ■ 


READ/WRITE 

■ N 

L J 

^ — ! 


* %P1 ► 



Note 1: Data Hold Time (ToH^ referenced to the trailing edge of CHIP ENABLE (CE) or READ/WRITE (R/W) whichever comes first. 
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MM2112, MM2112-2 



MM2112, MM 2112 -2 


ac electrical characteristics Ta = O'^c to + 70 '' C, Vcc = 5 V ± 5 % unless otherwise specified. 


MM2112 


Symbol 

1 Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

READ CYCLE 

tRCY 

Read Cycle 

1,000 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tA 

tco 

Access Time 

Chip Enable to Output Time 



1,000 

800 

ns 

ns 

Input Pulse Rise and Fall Times: 
20 ns 

Timing Measurement Reference 

tCD 

Chip Enable to Output Disable Time 

0 


200 

ns 

Level: 1.5 V 

tOH 

Previous Read Data Valid After 

50 



ns 

Output Load: 1 TTL Gate and 

Change of Address 





Cl= 100 pF 


WRITE CYCLE #1 


tWCYl 

Write Cycle 

850 



ns 


tAWI 

Address to Write Setup Time 

150 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tDWI 

Write Setup Time 

650 



ns 

Input Pulse Rise and Fall Times: 

twPI 

Write Pulse Width 

650 



ns 

zU ns 

tcsi 

Chip Enable Setup Time 

0 


100 

ns 

Timing Measurement Reference 
Level: 1 .5 V 

tCHI 

Chip Enable Hold Time 

0 



ns 

Output Load: 1 TTL Gate and 

tWRI 

Write Recovery Time 

50 



ns 

Cl=100pF 

tDH1 

Data Hold Time 

100 



ns 



WRITE CYCLE #2 


tWCY2 

Write Cycle 

1,050 



ns 


tAW2 

Address to Write Setup Time 

150 



ns 

Input Pulse Levels: +0.65 to +2.2 V 

tDW2 

Write Setup Time 

650 



ns 

Input Pulse Rise and Fall Times: 

twD2 

Write to Output Disable Time 

200 



ns 

20 ns 

tCS2 

Chip Enable Setup Time 

0 



ns 

Timing Measurement Reference 

tCH2 

Chip Enable Hold Time 

0 



ns 

L.CV6I • 1 .0 V 

Output Load: 1 TTL Gate and 

tWR2 

Write Recovery Time 

50 



ns 

Cl=100pF 

tDH2 

Data Hold Time | 

100 



ns 
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ac electrical characteristics (continued) TA = o°cto+7o°e, vcc=5' 

MM21 12-2 (650 ns Access Time) 


: 5% unless (Otherwise specified. 


Min. Typ. Max. Unit 


READ CYCLE 


tRCY 

Read Cycle 

650 

tA 

Access Time 


tco 

Chip Enable to Output Time 


tCD 

Chip Enable to Output Disable Time 

0 

toH 

Previous Read Data Valid After 
Change of Address 

50 

WRITE CYCLE #1 


tWCYl 

Write Cycle 

500 

tAWI 

Address to Write Setup Time 

100 

fowl 

Write Setup Time 

350 

twoi 

Write Pulse Width 

350 

TCS1 

Chip Enable Setup Time 

0 

tCHI 

Chip Enable Hold Time 

0 

tWRI 

Write Recovery Time 

50 

tDH1 

Data Hold Time j 

50 

WRITE CYCLE #2 


tWCY2 

Write Cycle 

700 

tAW2 

Address to Write Setup Time 

100 

tDW2 

Write Setup Time 

350 

tWD2 

Write to Output Disable Time 

200 

tcS2 

Chip Enable Setup Time 

0 

TCH2 

Chip Enable Hold Time 

0 

tWR2 

Write Recovery Time 

50 

tDH2 

Data Hold Time 

50 


Test Conditions 


Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 

20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
Cl=100pF 


Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 

20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
Cl = TOO pF 


Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 

20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
Cl=100pF 
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MM5269 



National 

Semiconductor 


MOS RAMs 


MM5269 1024-bit (256 x 4) fully decoded static RAM 
with on chip registers 


general description 

The National IV1M5269 is a 256 word x 4 bit Static 
Random Access Memory device fabricated using N- 
Channel enhancement mode Silicon Gate technology. 
Static storage cells eliminate the need for refresh and 
the additional peripheral circuitry associated with refresh. 
Data in and data out have the same polarity. 

The MM5269 Is fully TTL compatible including inputs, 
outputs and power supply. The chip enable input allows 
memory expansion and the address latch feature elim- 
inates the need for external address registers. The output 
enable is provided for systems which use a common 
input/output data bus. All of the features of this 
memory device can be combined to make a low cost, 
high performance and easy to manufacture memory 
system. System design costs are also minimized because 
of the ease-of-use of the MM5269. 


National's Silicon Gate process provides protection 
against contamination and permits the use of low cost 
Epoxy B packaging. 

features 

■ Organization 256 Words by 4 Bits 

■ Access Time — 0.5 to 1 .0 fis 

■ On Chip Address and Chip Enable Registers 

■ Directly TTL Compatible — All Inputs and Outputs 

■ Single -f-5 V Power Supply 

■ Tri-State ® Output — OR-Tie Capability 

■ Output Enable for Common Data Bus Systems 

■ Static Memory — No Refresh Required 

■ Packaged in a 22 Pin Epoxy B Dual-In-Line 


block and connection diagrams 




■ Vcc 

■ A4 

■ WE 

> Cl 

■ OE 

■ LATCH 

> 004 

■ Dl4 
003 

• 013 
• 002 


Order Number MM5269D 
See Package 5 
Order Number MM5269N 
See Package 17 
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absolute rnaximum ratings 

Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 
Lead Temperature (10 s) 


-0.5 V to +7.0 V 
0°G to +70*^0 
-65°Cto +150°C 
1 Watt 
300^0 


dc electrical characteristics (Vcc = 50 v±5 %, o°c<ta<+7o°o 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

V|H 

Logic "1" Input Voltage 

2.2 


Vcc 

V 


V|L ' 

Logic "0" Input Voltage 

-0.5 


0.65 

V 


VOH 

Logic "V' Output Voltage i 

2.2 



V 

lOH = -150 juA 

VOL 

Logic "0" Output Voltage 



0.45 

V 

lOL ~ 2.0 mA 

iLI 

Input Load Current 



10 

juA 

0 V < V|N < 5.0 V 

iloh 

Output Leakage Current 



15 

iuA 

CE = 2.2 V, Vo = 4.0 V 

'lol 

Output Leakage Current 



-50 

ma 

CE-2.2 V, Vo = 0.45 V 

'cc 

Power Supply Current 



70 

mA 

V|N = 5.25 V, lo = 0 mA, Ta = 0°C 

ac electrical characteristics (vcc = 

5.0 V ± 5%, 0°C < Ta < +70°C) 


Symbol 

Parameter 

1 Min. 

1 Typ. 

Max. 

1 Unit 

Test Conditions 


READ CYCLE 


tRCY 
ta or 
tACL 
tOE 
tLP 
tAS 
tAH 

Read Cycle 
Access Time 

Output Enable to Output Time 
Latch Pulse Width 
ADD & CE to Latch Setup Time 
ADD & GE to Latch Hold Time 

1,000 

200 

100 

100 


1 

1,000 

500 

ns 

ns 

ns 

ns 

ns 

ns 

Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 

20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
Cl= 100 pF 

WRITE CYCLE 

tWCY 

Write Cycle 

1,000 



ns 


tAW 

Address and CE to Write Setup 

200 



ns 



Time 






twp 

Write Pulse Width 

650 



ns 

Input Pulse Levels; +0.65 to +2.2 V 

tWR 

Write Recovery Time 

50 



ns 

Input Pulse Rise and Fall Times: 
20 ns 

too 

Write to Output Disable Time 


1 

400 

ns 

Timing Measurement Reference 

tow 

Data Setup Time 

350 



ns 

Level: 1.5 V 

tOH 

Data Hold Time 

100 

i 

'] 


ns 

Output Load: 1 TTL Gate and 

tew 

Chip Enable to Write 

750 



ns 

CL=100pF 

tLP 

Latch Pulse Width 

200 



ns 


tAS 

Add & CE to Latch Setup Time 

100 



ns 


tAH 

Add & CE to Latch Hold Time 

100 



ns 




switching time waveforms 


READ CYCLE (WE = "0") WRITE CYCLE 
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MM4270 


Semiconductor 


MOS RAMs 


MM4270 TRI-SHARE™ extended temperature range 
4096-bit dynamic random access read/write memory 

general description 


The MM4270 is a 4096-bit dynamic random access 
memory with TRI-SHARE. Because of this unique 
design feature. National is able to package a 4k device 
in an 18-pin dual-in-line package. The device is manu- 
factured using N-channel silicon gate technology with a 
single transistor cell which provides higher density on a 
monolithic chip and thus lower cost. 

The TRI-SHARE Port (TSP) is a multifunction input 
that, along with a common input/output, allows National 
to manufacture an 18-pin version of a 4k RAM. The 
functions controlled by the TSP are read/write, Vcc# 
and logical chip select. In order to understand how the 
TSP works, consider the timing diagrams. The state of 
the TSP at the leading edge of the chip enable clock 
determines whether the device is selected. If it is at a 
TTL high level, the chip is selected and the device goes 
into a read mode after chip enable goes high. This high 
level also performs a Vqc function in that it enables 
a reference voltage for a TTL high output. The supply 
for the output buffer is N/qd, not the TRI-SHARE Port; 
thus, no special driver is required. In order to perform a 


write, the TSP must be pulsed low after the minimum 
hold time and the appropriate data placed on the I/O. 
When the MM4270 goes into write, the output circuit is 
disabled. If the TSP is low at the start of the cycle, the 
memory is not selected but it will be refreshed if the 
chip enable clock is pulsed. 

features 

■ 4096 X 1 bit organization 

■ Access time 270 ns maximum 

■ Cycle time 470 ns minimum 

■ TRI-SHARE port 

■ High memory density— 18-pin package 

■ TTL compatible inputs (except chip enable) 

■ TRl -STATE® common input/output 

■ Registers on chip for addresses and chip select 

■ Two power supplies, +12V, — 5V 

■ Simple read-modify-write operation 


block and connection diagrams 



Dual-In- Line Package 


Vss A8 A7 A6 Voq ENABLE AS 



VgB A9 AtO All TSP I/O AO 
TOP VIEW 

Order Number MM4270D 
See Package 4 


AO- All 

Address Inputs* 

Vbb 

Power (— 5V) 

CE 

Chip Enable 

Vdd 

Power (-M2V) 

TSP 

TRI-SHARE Port 

Vss 

Ground 

I/O 

D,^j/Dout 




•Refresh Addess AO— A5 
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absolute maximum ratings 

operating Temperature Range — 55°Cto+85°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect -0.3V to +25V 

to the Most Negative Supply Voltage, V 0 B 

Supply Voltages Vdd V$S with -0.3V to +20 V 

Respect to Vgg 

Power Dissipation 1.0W 

ac electrical characteristics 

Ta = -55°C to +85° C, Vdd = 12V ±5%, VgB (Note 2) = ~5V ±10%, Vss = OV, unless otherwise noted 

SYMBOL PARAMETER CONDITIONS MIN TYP(3) 

ILI Input Load Current V||\| = OV to Vm max, (All Inputs Except CE) 0.01 

ILC Input Load Current V||\| = OV to V|hc 

ll(_Ol Output Leakage Current Up CE = V|lc, Vq = OV to 5.25V 0.01 

For High Impedance State 

•DDI Vdd Supply Current During CE = — 1 V to +0.6V, (Note 4) 110 

CE"OFF" 

IDD2 Vdd Supply Current During CE = V|hC' = 25“C 20 

CE "ON" 

•DDAVI Average Vdd Current Ta = 25°C, Cycle Time = 470 ns, tc£ = 300 ns 35 

Ibb Vbb Supply Current Average 5 

V|i_ Input Low Voltage tj = 2Q ns, (Figure 4} -1.0 


Vql Output Low Voltage Iql ” 2.0 mA 0.0 0.45 V 

VqH Output High Voltage IqH —2-0 mA 2.4 V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vdd or Vss should never be 0.3V more negative than 

Vbb- 

Note 3: Typical values are for Ta = 25°C and nominal power supply voltages. 

Note 4: The I dd current is to Vss- The I gQ current is the sum of all leakage currents. 

ac electrical characteristics TA = -55°cto+85°c, Vdd= 12V±5%, vbb = -5v±io% 


SYMBOL 

PARAMETER 

ILI 

Input Load Current 

'LC 

Input Load Current 

IlLOl 

Output Leakage Current Up 
For High Impedance State 

IDDI 

Vdd Supply Current During 
CE"OFF" 

lDD2 

Vdd Supply Current During 
CE "ON" 

IDD AVI 

Average VdD Current 

Ibb 

Vbb Supply Current Average 

V|L 

Input Low Voltage 

V|H 

Input High Voltage 

VlLC 

1 CE Input Low Voltage 

V|HC 

CE Input High Voltage 

VOL 

Output Low Voltage 

VOH 

Output High Voltage 


MIN 

TYP(3) 

MAX 

UNITS 


0.01 

10 

AA 


0.01 

10 

aA 


0.01 

10 

HA 


no 

200 

AtA 


20 

50 

mA 


35 

70 

mA 


5 

100 

ma 

-1.0 


0.6 

V 

2.2 


vcc+1 

V 

-1.0 


1.0 

V 

vdd-1 


VdD'*'’' 

V 

0.0 

' 

0.45 

V 

2.4 

' 


V 


PARAMETER 


CONDITIONS 


READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 


Time Between Refresh 
Address to CE Set-Up Time 
Address Hold Time 
CE "OFF" Time 
CE Transition Time 
CE "OFF" to Output High 
Impedance State 

TRI-SHARE Port to CE Set-Up 
Time 

TRI-SHARE Port Hold Time 


tAC 's Measured From End of Address Transition 


READ CYCLE 


Cycle Time 
CE "ON" Time 
CE Output Delay 
Address to Output Access 
CE to TSP 


tj = 20 ns 

ClOAD " 50 pF, Load - One TTL Gate 
Ref 1 = 2.0V, Ref 0 = 0.8V 
tACC = tAC + tco + tT 
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MM4270 


MM4270 


switching time wave 


ADORES 

ADDRESS CAN 


TCP TSP CAW 
CHANGE 


Vqh — 

Dour 

VOL 


V|H — 

ADORE 
ADDRESS CAN 
CHANC 


ac electrical characteristics (Continued) ta = - 55 °c to + 8 ^c, vdd 

SYMBOL I PARAMETER I CONDITIONS I I 


SYMBOL I PARAMETER 

READ/MODIFY/WRITE CYCLE 


'RWC 

Read Modify Write (RMW) 
Cycle Time 


'CRW 

CE Width During RMW 


'WC 

TSP to CE “ON" 

tj = 20 ns 

'W2 

TSP toCE “OFF” 

ClOAD = 50 pF, Load = One TTL Gate 

twp 

TSP Pulse Width 

Ref 1 = 2.0V, Ref 0 = 0.8V 

'D 

D|(v| to CE “OFF” 

'ACC = 'AC + 'CO + 'T 

'DH 

D|n Hold Time 


'CO 

CE to Output Delay 


'ACC 

Access Time 


'WD 

TSP to Output High Impedance 


'M 

Modify Time 



CAPACITANCE (Note 1) 


Cad 

Address Capacitance, CS 

V|N = VgS 

CCE 

CE Capacitance 

> 

> 

C|/0 

Data I/O Capacitance 

VOUT = OV 

C|N 

TSP Capacitance 

V|N = Vss 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the e 
equal to a constant 20 mA, 

switching time waveforms (Continued) 

Read Modify Write Cycle 



*T(20)-*-j 'U- 




Vqh 

DqUT 

Vql 


Note 1: For Refr 
entire t/\H period. 
Note 2: V| |_ |vi;^x 
Note 3: V|hmIN 
Note 4: Vss + 2.C 
Note 5: Vqq — 2' 
Note 6: Vgg + 2.C 
Note 7: Vgs 0*8 


D|n CAN CHANGE ® 
-*-'C0(250)-*- — *► 


0|N STABLE 
'WD(50) MAX 

HIGH IMPEDANCE 


I OnuT high impedance Y X HIGH IMPEDANCE 

I 1 

H- tACC(270) ' 

Note 1 : If D||\] is forced prior to OoUT becoming high impedance {ty\j[ 
then maximum ambient temperature should be derat ed by Tov/^CYCL 
Where Tqv between forcing D||\| and DoUT becoming TRI-ST A‘ 

Note 2: V||_ MAX 'S 'be reference level for measuring timing of the i 
Tgp and D||\j. 

Note 3: V|j_j mIN 'S 'be reference level for measuring timing of the ; 
Tgp and Dj^. 

Note 4: V55 + 2.0V is the reference level for measuring timing of CE. 
Note 5: V^q — 2V is the reference level for measuring timing of CE. 
Note 6: Vgs ■*" 2.0V is the reference level for measuring timing of 
high output. 

Note 7: Vgs + O-^V is the reference level for measuring timing of D( 
low output. 

Note 8: For minimum cycle, tM = 0, for test purposes tM = 1 0 ns. 
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absolute maximum ratings 

Operating Temperature Range -55°C to +85'^C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect '-0.3V to +25V 

to the Most Negative Supply Voltage, Vbb 

Supply Voltages VpD and Vss with —0.3V to +20V 

Respect to Vbb 

Power Dissipation 1.0W 

ac etectrical characteristics 

Ta = -55°G to +85°C, Vdd = 12V ±5%, Vbb (Note 2) = -5V ±10%, Vss = OV, unless otherwise noted 


, 1 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP(3) 

MAX 

UNITS 

'Ll 

Input Load Current 

V|rvj = OV to V||-| max, (All Inputs Except CE) 


0.01 

•0 

aa 

• lc 

Input Load Current 

V|M = OV to V|HC max 


0.01 

10 

ma 

UloI 

Output Leakage Current Up 
For High Impedance State 

CE = V|LG. VO = 0Vto5.25V 


0.01 

10 

jtiA 

• ddi 

VpD Supply Current During 
CE "OFF" 

CE = -1V to +0.6V, (Note 4) 


110 

200 

ma 

IdD2 

VpQ Supply Current During 
CE "ON" 

GE = V,hc,Ta = 25°C 


20 

1 

50 

mA 

•ddavi 

Average Vpp Current 

Ta = 25°C, Cycle Time = 470 ns, tcE = 300 ns 


35 

70 

mA 

Ibb 

VgB Supply Current Average 



5 

100 

AtA 

V|L 

I nput Low Voltage 

tj = 20 ns, (Figure 4} 

-1.0 


0.6 

V 

V|H 

Input High Voltage 


2.2 


Vqc+f 

V 

V|LC 

CE Input Low Voltage 


-1.0 


1.0 

V 

ViHC 

CE Input High Voltage 


VdD”1 


Vdo+I 

V 

VOL 

Output Low Voltage 

iQL = 2.0 mA 

0.0 


0.45 

V 

VoH 

Output High Voltage 

•oh " —2.0 mA 

2,4 



V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vqq or Vss should never be 0.3V more negative than 

Vbb- 

Note 3: Typical values are for T/\ = 25°C and nominal power supply voltages. 

Note 4: The I pQ current is to Vgs- The I BB current is the sum of all leakage currents. 

ac electrical characteristics ta = -55°c to +85 ° c,Vdd = i2v ±5%, vbb = -5v ±10% 


PARAMETER 


CONDITIONS 


READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 


Time Between Refresh 
Address to CE Set-Up Time 
Address Hold Time 
CE "OFF" Time 
CE Transition Time 

CE "OFF" to Output High 
Impedance State 
TR I -SHARE Port to CE Set-Up 
Time 

TRI-SHARE Port Hold Time 


tAC 's Measured From End of Address Transition 


READ CYCLE 


Cycle Time 
CE "ON" Time 
CE Output Delay 
Address to Output Access 
CEtoTSP 


tT = 20 ns 

ClOAD 50 pF, Load = One TTL Gate 
Ref 1 = 2.0V, Ref 0 = 0.8V 
tACC = tAC + tcO + tT 




ns 

3000 

ns 

250 

ns 

270 

ns 


ns 







MM4270 


switching time waveforms 

Read Cycle 



Refresh Cycle ® 



VOH 

HIGH IMPEDANCE 

Vql ^ , ' 


Note 1: Fdr Refresh cycle, row and column addresses must be stable before t/s^c arid remain stable for 
entire t/\^H period. 

Note 2: V||_ MAX 'S the reference level for measuring timing of the addresses, Tsp and D||\i. 

Note 3: mIN 'S tbe reference level for measuring timing of the addresses, Tsp and D||\j. 

Note 4: Vss 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqq — 2V is the reference level for measuring timing of CE. 

Note 6: Vss + 2.0V is the reference level for measuring the timing of DqijT ^ ^^'9^ output. 

Note 7: Vss 0.8V is the reference level for measuring timing of DquT ® output. 
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ac electrical characteristics (Continued) ta = -b 5 °c to +85 °c,vdd= i 2 v + 5 %, veg = ^5v ± 10 % 



switching time waveforms (Continued) 


Write Cycle® 


V,H 

ADDRESS 

V,L 


V|HC 

CE 

V|LC 


V|H 

TSP 

V|L 


^ V,H 

V|L 

I/O ^ 

VoH 
Dour 
^ VoL 


Note 1 : If tcw(MAX) >s greater than 85 ns, then memory operation is like Read/Mod if y/Write cycle. 
Note 2: V|l MAX 's the reference level for measuring timing of the addresses, Tsp and D|(vj. 

Note 3: V||-| miiv| is the reference level for measuring timing of the addresses, Tsp and D|[\|. 

Note 4: Vss + 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqq — 2V is the reference level for measuring timing of CE. 
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MM4270 


ac electrical characteristics (Continued) ta = -55°c to +s^c, vdd = i2v ±5%, vbb ^ -5V 

±10% 

SYMBOL 1 PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

READ/MODIFY/WRITE CYCLE 


tRWC 

Read Modify Write (RMW) 
Cycle Time 


650 



ns 

tCRW 

CE Width During RMW 


480 


3000 

ns 

twc 

TSP to CE "ON” 

tj = 20 ns 

0 



ns 

tW2 

TSP toCE "OFF" 

ClOAD * 50 pF- Load = One TTL Gate 

200 



ns 

tWP 

TSP Pulse Width 

Ref 1= 2.0V, Ref 0 = 0.8V 

50 



ns 

to 

D||m to CE "OFF" 

tACC = tAC + tco + tj 

150 



ns 

tDH 

D|n Hold Time 


0 



ns 

tco 

CE to Output Delay 

i 



250 

ns 

tACC 

Access Time 


! 


270 

ns 

tWD 

TSP to Output High Impedance 




50 

ns 

tM 

Modify Time 


0 



ns 


CAPACITANCE (Note 1) 


Cad 

Address Capacitance, CS 

V|N = Vss 


2 

6 

pF 

CCE 

CE Capacitance 

V|N = Vss 


15 

25 

PF 

C|/0 

Data I/O Capacitance 

VOUT = OV 


8 

10 

pF 

C|N 

TSP Capacitance 

V|N = Vss 


5 

6 

pF 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current 
equal to a constant 20 mA. 


switching time waveforms (Continued) 

Read Modify Write Cycle 



Note 1: If D||\i is forced prior to DqijT becoming high impedance (twD(MAX))' 
then maximum ambient temperature should be derat ed by Tqv/TcycLE (35° (i). 
Where Tqv 's between forcing D|jyj and DoUT becoming TRI-STATE. 

Note 2: V|i_ MAX the reference level for measuring timing of the addresses, 
TspandD||\|. 

Note 3: V||-| MIN the reference level for measuring timing of the addresses, 
TspandDiN. 

Note 4: Vss + 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqq — 2V is the reference level for measuring timing of CE. 

Note 6: Vss 2.0V is the reference level for measuring timing of DquT ^ 
high output. 

Note 7: Vss + 0.8V is the reference level for measuring timing of DquT ^^r a 
low output. 

Note 8: For minimum cycle, tM = 0, for test purposes tM = 1 0 ns. 
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Semiconductor 


MOS RAMs 


MM5270 TRI-SHARE^'' 4096-bit fully decoded 
dynamic random access read/write memory 


general description 


The MM5270 is a 4096-bit dynamic random access 
memory with TRI-SHARE. Because of this unique 
design feature. National is able to package a 4k device 
in an 18-pin dual-in-line package. The device is manu- 
factured using N-channel silicon gate technology with a 
single transistor cell which provides higher density on a 
monolithic chip and thus lower cost. 

The TRI-SHARE Port (TSP) is a multi^Function input 
that, along with a common input/output, allows National 
to manufacture an 18-pln version of a 4k RAM. The 
functions controlled by the TSP are read/write, Vcc, 
and logical chip select. In order to understand how the 
TSP works, consider the timing diagrams. The state of 
the TSP at the leading edge of the chip enable clock 
determines whether the device is selected. If it is at a 
TTL high level, the chip is selected and the device goes 
into a read mode after chip enable goes high. This high 
level also performs a V^c function in that it enables 
a reference voltage for a TTL high output. The supply 
for the output buffer is Vdd* riot the TRI-SHARE Port; 
thus, no special driver is required. In order to perform a 


write, the TSP must be pulsed low after the minimum 
hold time and the appropriate data placed on the I/O. 
When the MM5270 goes into write, the output circuit is 
disabled. If the TSP is low at the start of the cycle, the 
memory Is not selected but it will be refreshed if the chip 
enable clock is pulsed. 


features 

■ 4096 X 1 bit organization 

■ Access time 200 ns maximum 

■ Cycle time 400 ns minimum 

■ TRI-SHARE port 

■ High memory density— 18-pin package 

■ TTL compatible Inputs (except chip enable) 

■ TRI-STATE® common input/output 

■ Registers on chip for addresses and chip select 

■ Two power supplies, +12V, —5V 

■ Simple read-mod ify-write operation 


block and connection diagrams 



Ouai-in-Line Package 



A9 AtD Alt TSP 1/0 AD At . M 
TOP VIEW 

Order Number MM5270D 
See Package 4 


AO-All 

Address Inputs* 

Vbb 

Power (-5V) 

CE 

Chip Enable 

Vdd 

Power (-M2V) 

TSP 

TRI-SHARE Port 

Vss 

Ground 

I/O 

D|n/Dout 




•Refrash Addess AO-AS 


MM5270 





MM 5270 


absolute maximum ratings (Notei) 

Operating Temperature Range 0°Cto+70°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect -0.3V to +25V 

to the Most Negative Supply Voltage, Vbb “ 

Supply Voltages Vqd and Vss with -0.3V to +20V 

Respect to Vbb 

Power Dissipation 1.0W 

dc electrical characteristics 

T^ = 0°C to +70°C, Vdd +12V ±5%, Vbb (Note 2) = -5V ±5%, Vss = OV, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP (3) 

MAX 

UNITS 

'li 

Input Load Current 

V|M = OV to V,H max, (All Inputs 
Except CE) 


0.01 

10 

HA 

•lc 

Input Load Current 

V||sj = OV to V|Hc (tiax 


0.01 

10 

pA 

'lo 

Output Leakage Current Up 
For High Impedance State 

CE = V,Lc- Vo =0V to 5.25V 


0.01 

10 

^A 

ioDI 

VoD Supply Current During 
CE "OFF" 

CE = -1V to +0.6V, (Note4) 


110 


ixA 

•dD2 

VpD Supply Current During 
CE "ON" 

CE = V,hc,Ta =25°C 


20 


mA 

IqD AVI 

Average Vqo Current 

Ta = 25°C, Cycle Time = 400 ns, tpg = 230 ns 


35 


mA 

IdD AV2 

Average Vpp Current 

Ta = 25°C, Cycle Time = 1000 ns, tog “ 230 ns , 


15 


mA 

*BB 

Vbb Supply Current Average 



5 

100 

HA 

V,L 

Input Low Voltage 

ty - 20 ns, [Figure 4) 

-1.0 


0.6 

V 

V,H 

Input High Voltage 


2.4 


Vcc +1 

V 

V,LC 

CE Input Low Voltage 


-1.0 


1.0 

V 

V,HC 

CE Input High Voltage 


Vdd— 1 


Vdo+1 

V 

VoL 

Output Low Voltage 

Iql ~ 2.0 mA 

0.0 


0.45 

V 

VoH 

Output High Voltage 

Iqh ~ — 2.0 mA 

2.4 



V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp or Vss should never be 0.3V more negative than 

Vbb- 

Note 3: Typical values are for T/^ = 25° C and nominal power supply voltages. 

Note 4; The Iqd current Is to VsS- The Ibb current is the sum of all leakage currents. 

ac electrical characteristics t^ = o°cto+7o°c, Vdd = i2v±s%, Vbb =~5v±5% 


SYMBOL I PARAMETER [ 

READ. WRITE. READ/MODIFY/WRITE, AND REFRESH CYCLE 


CONDITIONS 


tTH 


READ CYCLE 


Time Between Refresh 
Address to CE Set-Up Time 
Address Hold Time 
CE "OFF" Time 
CE Transition Time 
CE "OFF" to Output High 
Impedance State 
TRI-SHARE Port to CE Set-Up 
Time 

TRI-SHARE Port Hold Time 


tAc is Measured From End of Address Transition 


Cycle Time 
CE "ON" Time 
CE Output Delay 
Address to Output Access 
CE to TSP 


= 50 pF, Load = One TTL Gate 


Ref 1 = 2.0V. Ref 0 = 0.8V 
^ACC “ ^AC ^CO fj 
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switching time waveforms 


Read Cycle 



Refresh Cycle ^ 



'VoH.' — ■ . _ . 

Dour HIGH IMPEDAIMCE 

VoL.— ' , — — — _ — ^ ^ ■■ ■ — — _ — 

. Note 1: For Refresh cycle, row and column addresses must be stable before Iac and remain stable for 

entire t^H period. 

Note 2: V|l max the reference level for measuring timing of the addresses, Tsp and Onv. 

Note 3: V|H MIN is the reference level for measuring timing of the addresses, Tsp and 0|M. 

Note 4: Vss 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqd - 2V is the reference level for measuring timing of CE. 

Note 6: Vss 2.0V is the reference level for measuring the timing of Dour for a high output. 

Note 7 : V$$ + 0.8V is the reference level for measuring timing of Oqut a low output. 
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MM5270 


ac electrical characteristics (con't) =o‘"cto+7o‘'c, VpD = i2v±5%, Vbb =-5v±5% 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


WRITE CYCLE 


tcY 

Cycle Time 


400 



ns 

tcE 

CE "ON” Time 


230 


3000 

ns 

twi 

TSP to CE "OFF” 


150 



ns 

tew 

CE to TSP 

tr = 20 ns 



85 

ns 

to 

D|n to CE "OFF” 


150 



ns 

toH 

D|n Hold Time 


0 



ns 

twp 

TSP Pulse Width 


50 



ns 


switching time waveforms (con't) 


Write Cycle 



Note l: For Refresh cycle, row and column addresses must be stable before Iac and remain stable for 
entire t^H period. 

Note 2: Vn_ max is the reference level for measuring timing of the addresses, Tgp and Dn^. 

Note 3: V|h min *s the reference level for measuring timing of the addresses, Tsp and 0)^. 

Note 4: Vss + 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqq ~ 2V is the reference level for measuring timing of CE. 

Note 6; Vss ^ 2.0V is the reference level for measuring the timing of Dqut fo'' a high output. 

Note 7 : Vss ia the reference level for measuring timing of Dour ^nr a low output. 


1-36 












ac electrical characteristics (con't) = o°c to +7o''c, Vdd = i2V ±5 %, Vbb == “5V ±5% 


SYMBpL 1 

1 PARAMETER | 

CONDITIONS 1 

1 MIN 

1 typ I 

MAX 1 

' UNITS' 

READ/MODIFY/WRITE CYCLE 

fRWC 

Read Modify Write (R MW) 
Cycle Time 


580 



ns 

fcRW 

CE Width During RMW 


4T0 

' 

3000 

ns 

twc 

TSPtoGE"ON" 

tj = 20 ns 

0 



ns 

tw2 

TSPtoCE"OFF" 

Cload 50 pF, Load = One TTL Gate 

200 



ns 

twp 

TSP Pulse Width 

Ref 1 - 2.0V, Ref 0 - 0.8V 

50 


1 

ns 

to 

D|n to CE "OFF" 

^ACC ~ ^AC + ^CO + 

1 50 



ns 

toH 

D|n Hold Time 


0 



hs 

tco 

CE to Output Delay 




180 

ns 

^ACC 

Access Time 




200 

ns 

two 

TSP to Output High Impedance 




50 

ns 

tfvi . 

Modify Time 


0 



ns 

CAPACITANCE (Note 1) 

Cad 

Address Capacitance , CS 

V,N=Vss 


2 


pF 

CcE 

CE Capacitance 

< 

z 

II 

< 


15 


pF 

C|/o 

Data I/O Capacitance 

VouT = 0V 


8 


pF 

C|N 

TSP Capacitance 

V|N = Vss 


5 


pF 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current equal to a 
constant 20 mA. 


switching time waveforms (con't) 

Read Modify Write Cycle 



Note 1; If D||^ is forced prior to Dour becoming high impedance (twD(MAX)K then maximum a mbient 
temperature should be derated fay Tov/Tcycle (3S‘’C). Where Tov is time between forcing 0 |n and Dqut 
becoming TRI-STATE. 

Note 2: V|L max the reference level for measuring timing of the addresses, Tgp and D|n. 

Note 3: V|H min >s the reference level for measuring timing of the addresses, T$p and 0 |n. 

Note 4: Vss 2.0V is the reference level for measuring timing of CE. 

Note 5: Vpp ~ 2V is the reference level for measuring timing of CE. 

Note 6: V$s 2.0V is the reference level for measuring the timing of Dqut for a high output. 

Note 7; Vs$ t- 0.8 V is the reference level for measuring timing of Oout for a low output. 

Note 8: For minimum cycle, Im = 0, for test purposes Im = tO ns. 
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MM5270A 



National 

Semiconductor 


MOS RAMs 



MM5270A 4096-Bit Dynamic Random Access Memory 

General Description 


The MM5270A is a 4096-bit dynamic random access 
memory with TRI-SHARE®. Because of this unique 
design feature, National is able to package a 4k device 
in an 18-pin dual-in-line package. The device is manu- 
factured using N-channel silicon gate technology with a 
single transistor cell which provides higher density on a 
monolithic chip and thus lower cost. 

The TRI-SHARE Port (TSP) Is a multifunction input 
that, along with a common input/output, allows National 
to manufacture an 18-pin version of a 4k RAM. The 
functions controlled by the TSP are read, write and 
logical chip select. In order to understand how the TSP 
works, consider the timing diagrams. The state of the 
TSP at the leading edge of the chip enable clock deter- 
mines whether the device is selected. If it is at a TTL 
high level, the chip is selected and the device goes into a 
read mode after chip enable goes high. This high level 
also enables a reference voltage for a TTL high output. 
The supply for the output buffer is Vdd, not the 
TRI-SHARE Port: thus, no special driver is required. In 
order to perform a write, the TSP must be pulsed low 
after the minimum hold time and the appropriate data 
placed on the I/O. When the MM5270A goes into write, 
the output circuit is disabled. If the TSP is low at the 
start of the cycle, the memory is not selected, but it will 
be refreshed if the chip enable clock is pulsed. 

The RAM must be refreshed every 2 ms. This can be 
accomplished by performing a cycle at each of the 64 
row addresses (AO— A5). 

Addresses (A6— All) must have a stable address during 
the refresh cycle. Any address Is satisfactory as long as 


the address set-up and hold times are met. The chip 
select input can be either high or low for refresh. 

Features 

■ Pin compatible with MM5270 

■ Standard power supplies, 12V, 5V, — 5V 

■ Easy system interface 

One high level input-chip enable 
All other pins TTL compatible 

■ TRI-STATE® output 

■ Organized 4096 x 1 

■ Inputs protected against static charge 

■ Simple Read-Modify-Write operation 

■ Address and chip select registers on-chip 

■ Industry standard 22-pin DIP 

■ Non-latching D||\| input simplifies write and BMW 
timing 

■ Access time 

MM5270A: 150 ns 
MM5270A-12: 125 ns 
MM5270A-10: 100 ns 
Cycle time. Read, Write, Read-While-Write 
MM5270A: 280 ns 
MM5270A-12: 245 ns 
MM5270A-10: 210 ns 
Cycle time, Read-Modify-Write 
MM5270A: 330 ns 
MM5270A-12; 285 ns 
MM5270A-10: 240 ns 



Pin Names 


*A0-A11 

Address Inputs 

Vbb 

Power (-5V) 

CE 

Chip Enable 

Vdd 

Power (12V) 

TSP 

TRI-SHARE Port 

vss 

Ground 

I/O 

D|N/f>OUT 




* Row address AO— A5 
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Absolute Maximum Ratings (NoteD 

Operating Temperature Range O^C to +70°C Voltage on Any Pin Relative to V3B -0.3Vto+20V 

Storage Temperature “65°C to +150' C ('^SS “ ^BB > ^-5V) 

Power Dissipation 1.25W Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 

Ta = 0“G to +70°C, Vdd -- 12V ±5%, Vbb (Mote 4) = — 5V ±5%, V$S = OV, unless otherwise noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP(2) 

MAX 

UNITS 

ILI 

Input Leakage 

Vbb ~ — 5V, V|i\j = OV to Vm Max, 
Pins Not Under Test == OV 

■ 

0.01 

D 

fxA 

*LO 

Output Leakage for High 
Impedance State 

CE = V| LCr VOUT = OV to 5.25V 

■ 

0.01 

D 

ma 

'ddi 

Vdd Supply Current During 
CEOFF 

CE = --1Vto0.6V 

■ 

100 

■ 

fiA 

•dD 2 

Vdd Supply Current During 
CE ON 

CE = V|HC 

■ 

10 

■ 

mA 

•ddavi 

Average Vdd Current 

Minimum Cycle Timing, 
(Note 3) 

MM 5270 A 


37 

IB 


MM5270A-12 


4Q 


mA 

MM 5270 A- 10 


44 

EB 


•D0AV2 

Average Vdd Current 

Toy = *^00 ns, Min tQE and ty, (Note 3) 


24 


mA 

IDDAV3 

Average Vdd Current 

Tqy = 1000 ns, Min tQE and ty, (Note 3) 


10 

IB 

mA 

•bb 

Average VbB Current 



5 

100 

HA 

V|L 

Input Low Voltage 

(Note 4) 

moi 


0.6 

V 

V|H 

Input High Voltage 

(Note 4) 



Vcc+1 

V 

V|LC 

CE Input Low Voltage 

(Note 4) 

■HBl 

Bl 

1.0 


V|HC 

CE Input High Voltage 

(Note 4) 



vdd +1 


VOL 

Output Low Voltage 

Iql ” 2 4) 



0.45 

V 

VOH 

Output High Voltage 

(qh = -2 mA, (Note 4) 

Bl 


Vcc 

V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to- imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical values are at 25°C, typical power supply voltage. 

Note 3: TheequationfordefininglDD(AVE)'®- 

(Max) Idd(ave) = ^ 

where tcE» fT ^CY ^^P^’^ssed in nanoseconds and the resultant Idd(AVE) is ®’^P'’®ssed in milliamps. 

Note 4: All voltages referenced to Vss- When applying voltages to the device Vp 0 or Vgs should never be 0.3V more negative than Vbb- 


1-39 


MM5270A 

























































MM5270A 


AC Electrical Characteristics 

Ta = 0°C to +70°C, Vdd = 12 ±5%, Vrb = — 5 ±5% (Note 4), Vss = 0, tT = 10 ns 

SYMBOL 

PARAMETER 

CONDITIONS 

MM5270A-10 

MM5270A-12 

MM5270A 

UNITS 

MIN 1 MAX 

MIN 1 MAX 

MIN 1 MAX 

1 COMMON TO ALL CYCLES | 

tREF 

Time Between Refresh 



2 


2 


2 

ms 

tAC 

Address to CE Set-Up 
Time 



■ 

0 

■ 

m 

■ 

ms 

tAH 

Address Hold Time 




40 


isa 


ns 

Tcc 

CE OFF Time 


80 




100 

mil 

ns 

tj 

CE Transition Time 

(Note 6) 

5 

40 

10 




ns 

^CF 

CE OFF to Open Output 


0 


0 


0 


ns 

tJC 

TSP to CE Set-Up Time 


0 


0 


0 


ns 

tTH 

TSP Hold Time 






40 


ns 


tCY 

Cycle Time 


210 




280 


ns 

tCE 

CE ON Time 


110 

3000 


3000 

160 

3000 

ns 

tco 

CE to Output Access 

(Note 7) 


90 


115 


140 

ns 

tACC 

Address to Output 
Access 

(Notes 7 and 8) 


ioo 


125 


150 

ns 

tTL 

CE to TSP 


0 


0 


0 


ns 


Note 5: For Refresh Cycle, Row and Column Addresses must be stable before t^c 8*^cl remain stable for entire t^H period. 

Note 6: For test purpose, input levels should swing between OV and 3V. V|h(|\/|||\|) and V|L(|yiAx) sre reference levels for measuring transition 
times and timing of input signals. 

Note 7: Vqh “ Vgs + 2.0V and Vql ^55 + 0-8V are the reference levels for measuring timing of tco arid t/^cC- 
Note 8: = tco *tT ^AC- f^°r test purposes ty = 10 ns. 

Switching Time Waveforms 


Read Cycle 
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AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd = 12 ±5%, Vbb = -5 (Note 4), Vss = 0. tr = 10 ns 

SYMBOL 

PARAMETER 

CONDITIONS 

MM5270A-10 

MM5270A-12 

MM5270A 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

WRITE AND READ-WHILE-WRITE CYCLE 

tCY 

Cycle Time 


210 


245 


280 


ns 

tCE 

CE ON Time 

: 

110 

3000 

135 

3000 

160 

3000 

ns 

% 

TSPtoCEOFF 


30 






ns 

%P 

TSP Pulse Width 


30 


40 


50 


ns 

tD 

D|N to CE OFF Set-Up Time 


30 


40 


50 


ns 

^DH 

D|N Hold Time 


0 


0 


0 


ns 

READ-MODI FY-WRITE CYCLE 

TrwC 

Read-Modify-Write Cycle 
Time 

(Note 9) 

240 


285 


330 


ns 

tcrw 

Read-Modify-Write CE ON 
Time 


140 

3000 

175 

3000 

210 

3000 

ns 

twp 

TSP Pulse Width 


30 


40 


50 


ns 

tw 

TSPtoCEOFF 


30 


40 


50 


ns 

tD 

D|N to CE OFF Set-Up Time 


H^jll 







pHBH 

D||Sj Hold Time 




0 


0 



H9SH 

CE to Output Access 

(Note 7) 


90 






tACC 

Address to Output Access 

(Notes 7 and 8) 


100 


mn 


150 

ns 

twD 

TSP to Open Output 


10 

30 

10 

lai 

10 

40 

ns 

REFRESH CYCLE 

tCY 

Cycle Time 


210 


245 


280 


ns 

tCE 

CE ON Time 


110 

3000 

135 

3000 

160 

3000 

ns 

tcc 

CE OFF Time 


80 


90 


100 



tAC 

Address to CE Set-Up 
Time 


0 

■ 

0 

■ 

m 

■ 

■ 

tAH 

Address Hold Time 


40 


40 


■■1 



tT 

CE Transition Time 

(Note 6) 

5 

40 

10 

40 

10 

40 

ns 

Capacitance (Note io) ta = 25°c 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Cad 

Address Capacitance, CS 

V||\| = Vss 


2 


pF 

CcE 

CE Capacitance 



15 


pF 

COUT 

Data Output Capacitance , 

VoUT=0V 


5 


pF 

C|N 

D|n and WE Capacitance 

V|N = Vss 


4 


pF 

Note 9: For minimum cycle time, t|\/| = 10 ns. 

Note 10: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current 
equal to a constant 20 m A. 
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Switching Time Waveforms (Continued) 

Write Cycle 



ADDRESS 






Block Diagram 
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MM5270-5 



National 

Semiconductor 


MOS RAMs 


MM5270-5 TRI-SHARE™4096-bit random access read/write memory 


general description features 

The MM5270-5 is a slower speed version of National's ■ Access time— 270 ns 

MM5270 dynamic RAM. Please refer to the MM5270 ■ Cycle time— 470 ns 

specification for pin configuration, block diagram and 
switching time waveforms. 


absolute maximum ratings (Notei) 


Operating Temperature Range 
Storage Temperature 

All Input or Output Voltages with Respect 
to the Most Negative Supply Voltage, V^b 
S upply Voltages Vod Vss with 
Respect to VgB 
Power Dissipation 


0°Cto+70°C 
-65°Cto+150°C 
-0.3V to +25 V 

-0.3V to +20V 

1.0W 


Order Number MM5270D-5 
See Package 4 


dc electrical characteristics 

Ta = 0°C to +70^0, Vdd = +12V ±5%, Vge (Note 2) = -5V ±5%, Vgs = OV, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP (3) 

MAX 

UNITS 

Ili 

Input Load Current 

V,^, = OV to V,H max, (All Inputs 
Except CE) 


0.01 

1 10 

UA 

•lc 

Input Load Current 

V,M = OV to V|HC 


0.01 

10 

ma 

iIlo i 

Output Leakage Current Up 
For High Impedance State 

CE = V|Lc, Vo ="0V to 5.25V 


0.01 

10 

/uA 

Iqdi 

Vdd Supply Current During 
CE "OFF" 

CE = -1Vto+0.6V, (Note4) 


110 


juA 

'dD2 

Vdd Supply Current During 
CE "ON" 

CE = V,hc4a = 25°C 


20 


mA 

•dD AVI 

Average Vqd Current 

= 25 'C, Cycle Time = 470 ns, Xq^ = 300 ns 


35 


mA 

•dD AV2 

Average Vqq Current 

Ta = 25°C, Cycle Time = 1000 ns, toe ~ 300 ns 


15 


mA 

*BB 

Vbb Supply Current Average 



5 

100 

UA 

V,L 

Input Low Voltage 

ty = 20 ns 

-1.0 


0.6 

V 

V,H 

Input High Voltage ' 


2.4 


Vcc+I 

V 

V,LC 

CE Input Low Voltage 

' 

-1.0 j 


1.0 

V 

V|HC 

CE Input High Voltage 


1 

D 

Q 

> 


0 

□ 

> 

V 

VoL 

Output Low Voltage 

lot = 2.0 mA 

0.0 


0.45 

V 

Vqh 

Output High Voltage 

Iqh ~ — 2.0 mA 

2.4 



V 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that V^p or Vss should never be 0.3V more negative than 

Vbb- 

Note 3: Typical values are for = 25° C and nominal power supply voltages. 

Note 4; The Ipp current is to Vss- The Igg current is the sum of all leakage currents. 
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ac electrical characteristics 

Ta = 0°C to +70°C, Vdd = 12V ±5%, Vbb = 

“5V±5% 




1 SYMBOL 1 

1 PARAMETER | 

1 CONDITIONS 1 

MIN 1 

TYP 1 

1 MAX 1 

1 UNITS 

1 READ,WRITE,READ/MODIFY/yVRITE, AND REFRESH CYCLE 

tREF 

Time Between Refresh 




2 

ms 

^AC 

Address to CE Set-Up Time 

tAc 'S MeasuredFrom End of Address Transition 

0 



ns 

tAH 

Address Hold Time 


50 



ns 

tcc 

CE "OFF” Time 


130 



ns 

tr 

GE Transition Time 


10 


40 

ns 

tcF 

CE"OFF" to Output High 


0 



ns 


Impedance State 






trc 

TRI-SHARE Port to CE Set-Up 


0 1 


■ '1 

TIS 


Time 



1 

, 1 


tTH 

TRI-SHARE Port Hold Time 


80 



ns 


READ CYCLE 


^CY 

tcE 

tco 

^ACC 

^TL 

Cycle Time 
CE "ON" Time 
CE Output Delay 
Address to Output Access 
CEtoTSP 

tx = 20 ns 

Cload “ 50 pF, Load = One TTL Gate 
Ref 1 = 2.0V, Ref 0 = 0.8V 
f Acb ~ f AC fco fr 

470 

300 

0 


— ^ 

3000 

250 

270 

ns 

ns 

ns 

ns 

ns 


■■glllllH 

Cycle Time 


470 



ns 


CE "ON" Time 


300 


3000 

ns 


TSP to CE "OFF" 


150 



ns 

few 

CEtoTSP 

. ty “ 20 ns 



115 

ns 

to 

D,NtoCE"OFF" 


150 



ns 

fOH 

D|^J Hold Time 


0 



ns 

fwp 

TSP Pulse Width 


50 



ns 

READ/MODIFY/WRITE CYCLE 

fRWC 

Read Modify Write (RMW) 


650 



ns 


Cycle Time 






fcRW 

CE Width During RMW 


480 


3000 

ns 

fwc 

TSP to CE "ON" 

tj = 20 ns 

0 



ns 

fw2 

TSP to CE "OFF" 

Cload ^ 50 pF, Load = One TTL Gate 

200 



ns 

fwp 

TSP Pulse Width 

Ref 1 - 2.0V, Ref 0 = 0.8V 

50 



ns 

fo 

D|r,j to CE "OFF" 

IaCC ~ f AC fcO + fj 

150 



ns 

foH 

D|n Hold Time 


0 



ns 

fco 

CE to Output Delay 




180 

ns 

fACC 

Access Time 




270 

ns 

fwD 

TSPto Output High Impedance 




250 

ns 

f|Vl 

Modify Time 


° 1 

^ 


ns 

CAPACITANCE (Note 1) 

Cad 

Address Capacitance, CS 

V.N^Vss 


2 


PF 

CcE 

CE Capacitance 

V I M ~ V ss 


15 


pF 

Ci/o 

Data I/O Capacitance 

VouT = 0V 


8 


pF 

C|M 

TSP Capacitance 

V,N = Vss 


5 


pF 

Note 1 : Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current equal to a 

constant 20 mA. 
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MM5271 


National 

Semiconductor 


MOS RAMs 


MM5271 TRI-SHARE™4096-bit fully TTL compatible 
dynamic random access read/write memory 


% 


general description 


The MM5271 is a fully TTL compatible 4096-bit dynamic 
random access memory with TRI-SHARE. Because of 
this unique design feature, National is able to house a 
4k device in an 18-pin dual-in-line package. The device 
is manufactured using N-channel silicon gate technology 
with a single transistor cell which provides higher density 
on a monolithic chip and thus lower cost. 


write, the TSP must be pulsed low after the minimum 
hold time and the appropriate data placed on the I/O. 
When the MM5271 goes into write, the output circuit is 
disabled. If the TSP is low at the start of the cycle, the 
memory is not selected but it will be refreshed when the 
chip enable clock is pulsed. 


The TRI-SHARE Port (TSP) is a multifunction input 
that, along with a common input/output, allows National 
to manufacture an 18-pin version of a 4k RAM. The 
functions controlled by the TSP are read/write, Vcc» 
and logical chip select. In orde/ to understand how the 
TSP works, consider the timing diagrams. The state of 
the TSP at the leading edge of the chip enable clock 
determines whether the device Is selected. If it is at a 
TTL high level, the chip is selected and the device goes 
into a read mode after chip enable goes high. This high 
level also controls the Vqq function in that it enables 
a reference voltage for a TTL high output. The supply 
for the output buffer is Vqd, not the TRI-SHARE Port; 
thus, no special driver is required. In order to perform a 


features 

■ 4096 X 1 bit organization 

■ Access time 250 ns maximum 

■ Cycle time 400 ns minimum 

■ TRI-SHARE port 

■ High memory density— 18-pin package 

■ TTL compatible Inputs 

■ TRI-STATE® common input/output 

■ Registers on chip for addresses and chip select 

■ Two power supplies, -M 2V, -5V 

■ Simple read-modify-write operation 


block and connection diagrams 



Dual-In-Line Package 


i/ss A8 A7 A6 Vdd ENAIiLE A5 A4 
Its il7 lie |l5 |u |l3 |l2 In 


AID All TSP I/O AO A1 
TOP VIEW 

Order Number MM5271D 
See Package 4 


AO-All 

Address Inputs* 

Vbb 

Power (-5V) 


Chip Enable 

Vdd 

Power (+12V) 

TSP 

TRI-SHARE Port 

Vss 

Ground 

I/O 

Din/^OUT 




•Refresh Addess AO-A5 
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SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP(3) 

MAX 

UNITS 

Ili 

Input Load Current 

V|^| = OV to V|H max 


0.01 

10 

)uA 

iIloI 

Output Leakage Current Up 
For High Impedance State 

^ = V,H, Vo =0V to 5.25V 


O.OT 

10 

pA 

■ddi 

Vdd Supply Current During 
^"OFF" 

^ = V,H, (Note4) 


1 


mA 

IdD2 

Vdo Supply Current During 
^ "ON" 

CE = V,L, Ta = 25°C 


20 


mA 

•do AVI 

Average Vqo Current 

Ta = 25°C, Cycle Time = 400 ns, tcE = 240 ns 


35 


mA 

Idd AV2 

Average Current 

Ta = 25°G, Cycle Time = 1000 ns, tce “ 240 ns 


15 


mA 

*BB 

Vbb Supply Current Average 



5 

100 

aA 

V,L 

Input Low Voltage 

tj = 10 ns, {Figure 4) 

-1.0 


0.6 

V 

V,H 

Input High Voltage 


2.4 


Vcc+1 

V 

^OL 

Output Low Voltage 

loL.~2.0mA 

0.0 


0.45 

V 

I 

0 

> 

Output High Voltage 

Iqh ~ — 2.0 mA 

2.4 



V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; The only requirement for the sequence of applying voltage to the device is that Vqq or Vss should never be 0.3V more negative than 

Vbb- 

Note 3; Typical values are for Ta = 25° C and nominal power supply voltages. 

Note 4. The |0D current is to V5S. The |0B current is the sum of all leakage currents. 


ac electrical characteristics = o'^cto +70°c, Vqd = i2v±5%, Vg 


CONDITIONS 


SYMBOL PARAMETER 


READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 


^REF 

Time Between Refresh 

^AC 

Address to CE Set-Up Time 

tAH 

Address Hold Time 

^CC 

CE "OFF" Time 

tT 

CE Transition Time 

tCF 

CE "OFF" to Output High 


Impedance State 

tjc 

TRI-SHARE Port to ^ Set-Up 


Time 

tTH 

TRI-SHARE Port Hold Time 

READ CYCLE 

tCY 

Cycle Time 

tCE 

^ "ON" Time 

fco 

CE Output Delay 

fACC 

Address to Output Access 

tTL 

^ to TSP 


tAc is Measured From End of Address Transition 


t-p = 10 ns 

Cload “ 50 pF, Load = One tTL Gate 
Ref 1 = 2.0V, Ref 0 = 0.8V 
^ACC “ ^AC fco 


-5V ±5% 


MIN 
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MM5271 


switching time waveforms 


Read Cycle 



Refresh Cycle (See Note 1 ) 



VOH- 


HI6H IMPEDANCE 


Note 1: For Refresh cycle, row and column addresses must be stable before t^c and remain stable for 
entire t^H period. 

Note 2: V,l max fhe reference level for measuring timing of the addresses, Tsp and D|n and CE. 

Note 3: Vih min 'S ^he reference level for measuring timing of the addresses, Tsp and Dim and CE. 

Note 4: Vgs + Z.OV is the reference level for measuring the timing of Dqut a high output. 

Note 5: Vss + 0.8V is the reference level for measuring timing of Dqut a low output. 
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ac electrical characteristics (con't) =o°cto+70°c, VDD = 12V±5%, Vbb =-5v±5% 


CONDITIONS 


MIN TYP MAX UNITS 


WRITE CYCLE 


CE^'ON"Time 
TSP to CE "OFF" 


D,^j toCE "OFF" 
D,|w Hold Time 


TSP Pulse Width 


switching time waveforms (con't) 


TSP 

TSP CAN 

,, CHANGE 



Write Cycle ^See Note 4) 


'Q & 

t@ ^ 


“tcW(MAX) (130) — 


ADDRESS CAN CHANGE 


^twP (50)^ tec (140) 


Note 1: For Refresh cycle, row and column addresses must be stable before t/vc and remain stable for 
entire period. 

Note 2: V|i, max reference level for measuring timing of the addresses, Tsp and Din and CE. 

Note 3; V,h min is the reference level for measuring timing of the addresses, Tsp and Din and CE. 

Note 4: If tcw(MAX) greater than l30 ns then memory operation is like Read/Modify/Write cycle. 















ac electrical chara< 

SYMBOL PARA^ 

READ/MODIFY/WRITE CYCI 


^RWC 

Read Modify V 


Cycle Time 

tcRW 

CE Width Duri 

tw2 

TSP to ^ "01 

twP 

TSP Pulse Wid 

to 

D,m to CE "01 

toH 

D|m Hold Tim< 

^CO 

CE to Output 1 

^ACC 

Access Time 

%D 

TSP to Output 

t|vl 

Modify Time 


CAPACITANCE (Note 1) 



Address Capac 

CcE 

CE CapacitancL 

^ 1/0 

Data I/O Capa< 

C|N 

TSP Capacitam 


Note 1: Capacitance measured w 
constant 20 mA. 

switching time wa 


^ Absolute Maximum Ratings (Note 1) 

CN 

Operating Temperature Range 0°C to +70'^C Voltage on 

Storage Temperature to +150°C (Vss ~ Vbb 

5 Power Dissipation 1.0W Lead Temper 

DC Electrical Characteristics TA = o°cto+7o°c, vdd = i2±5% 

SYMBOL PARAMETER CONDITIONS 

Vbb = -5V, V|N = ov to V|H Max, Pir 

III Input Leakage 

mm Not Under Test = 0V 

Output Leakage for High — 

Im CE = V|h,VouT=OV to 5.25V 

Impedance State ' 

Vdd Supply Current 

During^ OFF CE = V|h 

CE = V|l 

Minimum Cycle Timing, MM5271A 
(Notes) MM5271A-1 

•DDAV2 Average Vdd Current TqY = 400 ns, Min tQE V, (Note 3 

IDDAVS Average Vdd Current TqY = 1000 Min tCE and t.^» (Note: 

• bB Average Vbb Current 

V||_ Input Low Voltage (Note 4) 

V|H Input High Voltage (Note 4) 

VOL Output Low Voltage Iql ^ 2 mA, (Note 4) 

Vqh Output High Voltage Iqh -2 mA, (Note 4) 

AC Electrical Characteristics ta = o^c to + 7 o°c, vdd = 1 2 ±5°/ 


PARAMETER 


CONDITIONS 


MM5271 
MIN I 


COMMON TO ALL CYCLES 


tREF 

Time Between Refresh 

tAC 

Address to CE Set-Up Time 

tAH 

Address Hold Time 

tcc 

^ OFF Time 

tr 

Transition Time 

tCF 

CE OFF to Open Output 

tTC 

TSP to CE Set-Up Time 

tTH 

TSP Hold Time 


(Note 6) 


READ CYCLE 


tcy 

Cycle Time 


260 


tCE 

CE ON Time 


150 


*co 

CE Output Delay 

(Note 7) 



tACC 

Address to Output Access 

(Notes 7, 8) 



1TL 

^ to TSP 


0 
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ac electrical characteristics (con't) = o°c to +7 o'*c, Vdd = i2v±5%/Vbb = -5v±5% 


SYMBOL 

1 PARAMETER 

1 CONDITIONS 


rmT] 


1 UNITS 

WRITE CYCLE 

fcY 

Cycle Time 


400 



ns 

tcE 

CE “ON" Time 


240 


3000 

ns 

twi 

TSP to CE "OFF” 


100 



ns 

^cw 

^ to TSP 

t-r == 10 ns, (Note 4) 



130 

ns 

to 

D||vj to CE "OFF” 


70 



ns 

tOH 

D,ivj Hold Time 


50 



ns 

twp 

TSP Pulse Width 


50 



ns 


switching time waveforms (con't) 



Write Cycle <See Note 4) 



Note 1: For Refresh cycle, row and column addresses must be stable before t^c remain stable for 
entire t^H period. 

Note 2: V|L max 's the reference level for measuring timing of the addresses, Tsp and Dim and Cl. 

Note 3: V|h min reference level for measuring timing of the addresses, Tsp and D|{v and Cl. 

Note 4: If tcw(WAX) 's greater than 130 ns then memory operation is like Read/Modify /Write cycle. 
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MM5271 


ac electrical characteristics (con't) t* =o°cto+70°c, = i2v±5%, Vbb 

= -5V±5% 


1 SYMBOL 

PARAMETER 

CONDITIONS 

1 MIN 

TYP 

MAX 

UNITS 

1 READ/MODIFY/WRITE CYCLE | 

tpvvc 

Read Modify Write (RMW) 
Cycle Time 


560 



ns 

tCRW 

CE Width During RMW 

Xj = 10 ns 

400 


3000 

ns 

tyv2 

TSP to ^ "OFF" 

Cload 50 pF, Load = One TTL Gate 

150 



ns 

twp 

TSP Pulse Width 

Ref 1 - 2.0V, Ref 0 = 0 8V 

50 



ns 

to 

D||y, to CE "OFF" 

^ACC ~ ^AC IcO 

70 



ns 

toH 

D|m Hold Time 


50 



ns 

tco 

CE to Output Delay 




250 

ns 

tACC 

Access Time 




250 

ns 

two 

TSP to Output High Impedance 




50 

ns 

tM 

Modify Time 


0 



ns 

CAPACITANCE (Note 1) 

Cad 

Address Capacitance, CS 

Yc,s 


2 


pF 

Cqe 

CE Capacitance 

~ Vss 


5 


pF 

C|/o 

Data I/O Capacitance 

< 

0 

c 

o 

< 


8 


pF 

C|N 

TSP Capacitance 

V|N -- Vss 


5 


pF 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current equal to a 
constant 20 mA. 

switching time waveforms (con't) 

Read Modify Write Cycle 



Note 1: For Refresh cycle, row and column addresses must be stable before tAc and remain stable for 
entire tAH period. 

Note 2: Vn^ max the reference level for measuring timing of the addresses, Tsp and D|n and CE. 

Note 3; V|h min tha reference level for measuring timing of the addresses, Tst> and D|n and CE. 

Note 4: Vss + 2.0V is the reference level for measuring the timing of Dqut for a high output. 

Note 5: Vss 0-8V is the reference level for measuring timing of Dqut f°r a low output. 

Note 6: For minimum cycle, t^ = 0, for test purposes t^ = 10 ns. 

Note 7: If 0|N is forced prior to Dqut becoming high impedance Uwoimax)). then maximum 
ambient temperature sho uld be derated by Tov/Tcycle Where Tqv is time 
between forcing D|n and Oqut Becoming TRI-STATE. 
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National 

Semiconductor 


M OS R AMS 


MM5271A TRI-SHARE™ 4096-Bit Fully TTL Compatible 
Dynamic Random Access Read/Write Memory 


General Description 

The MM5271A is a 4096-bit dynamic random access 
memory with TRI-SHARE. Because of this unique 
design feature, National is able to package a 4k device 
in an 18-pin dual-in-line package. The device is manu- 
factured using N-channel silicon gate technology with a 
single transistor cell which provides higher density on a 
monolithic chip and thus lower cost. 

The TRI-SHARE Port (TSP) is a multifunction input 
that, along with a common input/output, allows National 
to manufacture an T8-pin version of a 4k RAM. The 
functions controlled by the TSP are read, write, 
and logical chip select. In order to understand how the 
TSP works, consider the timing diagrams. The state of 
the TSP at the leading edge of the chip enable clock 
determines whether the device is selected. If it is at a 
TTL high level, the chip is selected and the device goes 
into a read mode after chip enable goes high. This high 
level also enables a reference voltage for a TTL high 
output. The supply for the output buffer is Vdd» 
the TRI-SHARE Port; thus, no special driver is required. 
In order to perform a write, the TSP must be pulsed low 
after the minimum hold time and the appropriate data 
placed on the I/O. When the MM5271 A goes into write, 
the output circuit is disabled. If the TSP is low.at the 


start of the cycle, the memory is not selected, but it 
will be refreshed if the chip enable clock is pulsed. 

The RAM must be refreshed every 2 ms. This can be 
accomplished by performing a cycle at each of the 64 
row addresses (AO— A5). 

Addresses (A6— All) must have a stable address during 
the refresh cycle. Any address is satisfactory as long as 
the address set-up and hold times are met. The chip 
select input can be either high or low for refresh. 

Features 

■ 4096 X 1 bit organization 

■ Access time— 115 ns max MM5271A-1 

140 ns max MM 5271 A 

■ Cycle time— 215 ns min MM5271A-1 

260 ns min MM5271A 
• TRI-SHARE port 

■ High memory density— 18-pin package 

■ All pins TTL compatible 

■ TRI-STATE® common input/output 

■ Registers on chip for addresses and chip select 

■ Two power supplies, +12V, “5V 

■ Simple read-modify-write operation 


Block Diagram 



Connection Diagram 

Dual-ln-Line Package 


Order Number MM527t AD 
See Package 4 
Order Number MM5271 AJ 
See Package 10A 
Order Number MM5271 AN 
See Package 16 



Logic Symboi 


*A0- A1 1 

Address Inputs Vbb 

Power (-5V) 


Chip Enable Vqd 

Power (-rl2V) 

TSP 

TRI-SHARE Port Vgs 

Ground 

I/O 

Oin/I^OUT 



Row address AO— A5 
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MM5271A 


Absolute Maximum Ratings (Notei) 


Operating Temperature Range 
Storage Temperature 
Power Dissipation 


0 Cto +70 C 
-65°Cto +150°C 
1.0W 


Voltage on Any Pin Relative to Vgg “0.3V to +20V 
(VsS- V bb>4.5V) 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Eiectrical Characteristics TA = o°cto+7o°c,VDD = i2±5%, VBB = -5±5%(Note4),vss = o 


SYMBOL PARAMETER 

I LI Input Leakage 

Output Leakage for High 
I LO 

Impedance State 

VdD Supply Current 
During CE OFF 

Vqp Supply Current 
During CE ONI 

•DDAVI Average VpD Current 

*DDAV2 Average Vpp Current 
•dDAV 3 Average VpD Current 
Ibb Average Vbb Current 

V|L Input Low Voltage 

V|H Input High Voltage 


CONDITIONS 

Vbb = “5V, V||\i = OV to Vm Max, Pins 
Not Under Test = OV 

^ = ViH, VquT = OV to 5,25V 
CE = V|h 
CE = Vil 

Minimum Cycle Timing, MM5271 A 
(Note 3) MM5271A-1 

Tqy “ 400 ns, Min tQE and V, (Note 3) 
Tcy 1000 ns, Min tpE and tj, (Note 3) 

(Note 4) 

(Note 4) 



MAX I UNITS 

fxA 




Output Low Voltage 

IqL “ 2 mA, (Note 4) 

Output High Voltage 

•oh “ —2 mA, (Note 4) 



AC Electrical Characteristics ta = o°c to +7o°c, vpo = 12 ± 5 %, vbb = -5 ± 5 % (Note 4 ), vss = 0 


PARAMETER 


COMMON TO ALL CYCLES 


tREF 

Time Between Refresh 

^AC 

Address to CE Set-Up Time 

tAH 

Address Hold Time 

tcc 

^ OFF Time 

tr 

Transition Time 

tCF 

CE OFF to Open Output 

tTC 

TSP to CE Set-Up Time 

tTH 

TSP Hold Time 


CONDITIONS 


(Note 5) 


MM5271A-1 
IIN I MAX 


READ CYCLE 


Tcy 

Cycle Time 

tCE 

^ ON Time 

tco 

CE Output Delay 

tACC 

Address to Output Access 

tTL 

^ to TSP 


(Note 7) 
(Notes 7, 8) 



215 


3000 

125 

3000 

150 


125 

140 


115 


0 
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AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vqd = |2 ±5%, Vbb = -5 ±5%, (Note 4), Vss = 0 


SYMBOL 


PARAMETER 


CONDITIONS 


MM5271A 


MIN 


MAX 


MM5271A-1 


MIN 


MAX 


UNITS 


WRITE CYCLE 


Tcy 

Cycle Time 


260 


215 


ns 

tCE 

^ ON Time 


150 

3000 

125 

3000 

ns 


TSPto^OFF 


40 


30 


ns 


TSP Pulse Width 


40 


30 


ns 

tD 

D| N to CE OFF Set-Up Time 


0 


0 


ns 

tDH 

D|n Hold Time 


40 


30 


ns 

tWD 

TSP to Open Output 


10 

40 

10 

30 1 

ns 


Switching Time Waveforms 


Read Cycle 



Write Cycle 
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MM5271A 


AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd = 12 ±5%, Vbb = “5 ±5% (Note 4), Vss = 0 


SYMBOL 


PARAMETER 


COIMDITIONS 


MM5271A 


MIN 


MAX 


MM5271A-1 


MIN 


MAX 


UNITS 


READ-MODI FY-WRITE CYCLE 


Trwc 

Read-Modify-Write Cycle Time 

(Note 9) 

305 


250 


ns 

TCRW 

CE ON Time in RMW Cycle 


195 

3000 

160 

3000 

ns 

tw 

TSPto^OFF 


40 


30 


ns 

tWP 

TSP Pulse Width 


40 


30 


ns 

tD 

D||sj to CE OFF Set-Up Time 


0 


0 


ns 

tDH 

D|[\| Hold Time 


40 


30 



tWD 

TSP to Open Output 


10 


10 

30 

99 

tco 

CE Output Delay 

(Note 7) 


150 


125 

ns 

tACC 

Address to Output Access 

(Notes 7, 8) 


140 


115 

ns 


Switching Time Waveforms (Continued) 


Read-Modify-Write Cycle (Note 10) 
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AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd =12 ±5%, Vbb = -5 ±5% (Note 4), Vss = 0 


PARAMETER 


CONDITIONS 


REFRESH CYCLE 


Cycle Time 

CE ON Time ” 

ct OFF Time ~ 

Address to CE Set-Up Time 
Address Hold Time 
TSP to CE Set Up Time 


TSP Hold Time 


MM5271A 

MM5271A-1 

MIN MAX 

MIN MAX 



Capacitance ta = 25° c, (Note 1 1 1 


SYMBOL PARAMETER 

Cad Address Capacitance, CS 

CcE CE Capacitance 

C|/o Data I/O Capacitance 

C||\j TSP Capacitance 



V|N = Vss 
VQUT = ov 
V|N = Vss 


Note 1 : “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for"Opera- 
ting Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Typical values are at 25° C, typical power supply voltage. 

Note 3: The equation for defining I Q0{Ayg) is: 


15 , 0 . 


where tc£, t^ and T^y are expressed in nanoseconds and the resultant IdD(AVE) expressed in milliamps. 

Note 4: All voltages referenced to Vgs- When applying voltages to the device Vqd or V$s should never be 0.3V more negative than 

Vbb- 

Note 5: For Refresh Cycle, Row and Column Addresses must be stable before t/^c ^r^d remain stable for entire tAn period. 

Note 6: For test purpose, inputs levels should swing between OV and 3V V|H(|\/|||\j) and V|l(|\/|/\x) are reference levels for measuring 
transition times and timing of input signals. 

Note 7: Vqh “ Vg^ + 2V and Vql = V 5S + 0.8V are the reference levels for measuring timing of tco and t/\CC- 
Note 8: tACC ~ ^CO V + f AC- f®st purposes tj = 5 ns. 

Note 9: For minimum cycle time, t(yfOD ^ 

Note 10: If D|(sj is forced prior to DquT becoming high impedance (t\/vQ(|\/|AX))' maximum ambient temperature should be 
derated by (Tov/TcYCLE)( 35°C). Where Tqv Is time between forcing Dj|\| and DquT becoming TRI-STATE®. 

Note 11: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current 
equal to a constant 20 m A. 

Switching Time Waveforms (Continued) 

Refresh Cycle (Note 5) 


tAC -—1 h 
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MM4280 


National 

Semiconductor 


MOS RAMs 


MM4280 4096-bit dynamic random access read/write memory 
with extended temperature range 

general description 


National's MM4280 Is a 4096 word by 1 bit dynamic 
RAM. It Incorporates the latest memory design features 
and can be used in a wide variety of applications, from 
those which require very high speed to ones where low 
cost and large bit capacity are the prime criteria. 

The MM4280 must be refreshed every 1 ms. This can be 
accomplished by performing a read cycle at each of the 
64 row addresses (AO— A5). The chip select input can 
be either high or low for refresh. Addresses (A6— All) 
must have a stable address during the refresh cycle. 
Any address is satisfactory as long as the address set-up 
and hold times are met. The chip select input can be 
either high or low for refresh. 

The MM4280 has been designed with minimum produc- 
tion costs as a prime criterion. It is fabricated using 
N-channel silicon gate MOS technology, which is an ideal 
choice for high density Integrated circuits. The MM4280 
uses a single transistor cell to minimize the device area. 


The single device cell, along with unique design features 
in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 


featu res 


Extended temperature range: —55 C to +85 C 

Organization: 4096 x 1 

Access time 270 ns maximum 

Cycle time 470 ns minimum 

Easy system interface 

• One high voltage input— chip enable 

• TTL compatible— all other inputs and outputs 
Address registers on-chip 

TRI-STATE® output 

Simple read-mod ify-write operation 

Industry standard pin configuration 


block diagram 



connection diagram 

Dual-ln-Line Package 



TOP VIEW 

Order Number MM4280D 
See Package 5A 


Vcc(ll) +5V 

Memory Inverts From Data In to Data Out 


logic symbol 


AO-All 

Address Inputs * 

vbb 

Power (— 5V) 

CE 

Chip Enable 

vcc 

Power (+5V) 

CS 

Chip Select 

vdd 

Power (+12V) 

D|N 

Data Input 

Vss 

Ground 

□out 

Data Output 

WE 

Write Enable 

NC 

Not Connected 




Refresh Address AO— A5 


AO 


AT 


AZ 


A3 

A4 

Dim 

AS 


A6 


A7 


AS 

“out 

A9 


AID 


All 

CS 

CE WE 
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absolute maximum ratings (Note 1) 


Operating Temperature Range 
Storage Temperature 
Voltage on any Pin Relative to Vbb 
(V 5 S — Vbb > 

Power Dissipation 


— 55°C to +85*^C 
"65°Cto +150°C 
-03V to +20V 

1.25W 


dc electrical characteristics 

Ta = -55°c to +85°C, Vdd = 12V ±5%, YcC = 5V ±5%, Vbb (Note 2) = 


-5V ±10%, Vss “ OV, unless otherwise noted . 


PARAMETER 

CONDITIONS 

MIN 

jYjp 

MAX 

UNITS 

ILI 

Input Load Current 


V|(\j = OV to V|H max, (All Inputs 
Except CE) 


0.01 

10 

MA 

•lc 

Input Load Current 


V|N = OV to V|HC 


0.01 

10 

iuA 

ll|_0> 

Output Leakage Current Up For 

CE - VjLC or C5 = Vih, Vq = OV to 5.25V 


0.01 

10 

mA 


High Impedance State 







•ddi 

Vdd Supply Current During 
CE"OFF" 


CE = -IV to 0.6V, (Note 4) 


110 

■ 

200 

AiA 

lDD2 

Vdd Supply Current During 
CE "ON" 


CE = V|hc.Ta = 25°C 


20 

50 

mA 

IddAVI Average Vqd Current 


Cycle Time = 470 ns, tcE “ 300 ns 


35 

70 

mA 

leer 

VeC Supply Current During 
CE "OFF" 


CE = VfLC V|H (Note 5) 


0.01 

10 

/lA 

>BB 

Vbb Supply Current Average 



5 

100 

UiA 

V|L 

Input Low Voltage 


tx = 20 ns 

-1.0 


0.6 

V 

ViH 

Input High Voltage 



2.2 


Vcc+1 

V 

V|LC 

CE Input Low Voltage 



-1.0 


1.0 

V 

V|HC 

CE Input High Voltage 



VdD“1 


Vdd+1 

V 

VoL 

Output Low Voltage 


IOL^2mA 

0 



V 

VOH 

Output High Voltage 


Iqh =“2 mA 

2.4 



V 

Note 1: 

"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed 

. Except for "Operating 

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 

provides conditions for actual device operation. 






Note 2: 

All voltages referenced to Vss and Vbb nnust be applied before and removed after other supply voltages. 



Note 3: 

Typical values are for Ta = 25°C and nominal power supply voltages. 





Note4: 

The Idd ICC currents flow to Vsg. The Irr current is the sum of all leakage currents. 




Note 5: 

During CE "ON" Vqc supply current is dependent on output loading, Vqc is connected to output buffer only. 



ac electrical characteristics TA = -55'’cto+85°c,VDD = 12v±5%.vcc = 5v±5%, Vbb 

--5V±10% 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 

tREF 

Time Between Refresh 





1 

ms 

tAC 

Address to CE Set-Up Time 

tAC is Measured From End of Address Transition 

0 



ns 

tAH 

Address Hold Time 



100 



ns 

tcc 

CE "OFF" Time 



130 



ns 

tj 

CE Transition Time 



10 


40 

ns 

tCF 

CE "OFF" to Output High 
Impedance State 



0 



ns 

READ CYCLE 

tCY 

Cycle Time 



470 



ns 

tCE 

CE "ON" Time 



300 


3000 

ns 


CiOAD = 50 pF, Load = 1 TTL Gate, Ref = 2V, 





tco 

CE Output Delay 





250 

ns 


Address to Output Access 

t ACC = t AC + tco + 1 tT 





tACC 





270 

ns 

tWL 

CEtoWE 



0 



ns 

twe 

mto CB "ON" 



0 



ns 
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MM4280 


ac electrical characteristics (Continued) 


PARAMETER 


CONDITIONS 


WRITE CYCLE 

^CY Cycle Time 

tCE CE "ON" Time 

tw WE to CE "OFF" 

tew CE to WE 

to D|(s| to CE Set-Up 

tDH D|n Hold Time 

twp WE Pulse Width 


t j = 20 ns 


switching time waveforms 


Read and Refresh Cycle ^ 


ADDRESS CAN CHANGE 


Vqh r r — ‘ 


HIGH 

J IMPEDANCE 


j |--tWL<0) 

Tr!HIGHTIJ"\ 

n^EDANCE V 

p"tcF (0) I 


ADDRESS VALID [ 


ADDRESS CAN CHANGE 


-tAH <100)— 1 


-tT<20) I 

— ^tr(20) 


D|ni CAN CHANGE 


r tcc<i30) 


Vqh 


HIGH 

JMPEDANCE 


I^HIGH_J 

IJWIPEDANC^ 


Note 1 : For refresh cycle, row and column addresses must be stable before ^i^d remain stable for entire t^H period. 
Note 2: V|l max is the reference level for measuring timing of the address, CS and D)isj. 

Note 3: V|h min is the reference level for measuring timing of the addresses, CS and D||\|. 

Note 4; V5S + 2V is the reference level for measuring timing of CE. 

Note 5: Vdq — 2V is the reference level for measuring timing of CE, 

Note 6: Vss + 2V is the reference level for measuring the timing of DouT ^ output. 
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ac electrical characteristics (Continued) Ta = -55°c to +85 '’C,Vqd * 1 2V ±5V ±5%,Vbb = -" 5V ±10% 


PARAMETER | 

CONDITIONS 

1 MIN 

1 TYP 

1 MAX 1 

UNITS 

READ/MODIFY/WRITE CYCLE 







tRWC 

Read/Modify/Write (RMW) 
Cycle Time 


590 



ns 

tCRW 

CE Width During RMW 


420 


3000 

ns 

twc 

WE to CE "ON" 


0 



ns 

tw 

WE to CE "OFF" 
WE Pulse Width 

tx = 20 ns, C[_OAD = 50 pF, Load = 1 TTL Gate, 

150 



ns 

tWP 

50 



ns 

Dijsj to CE Set-Up 

Ref = 2V, tACC = tAC + tco + 1 tt 

to 

150 



ns 

tDH 

D|n Hold Time 


0 



ns 

tco 

CE to Output Delay 




250 

ns 

two 

WE to DquT Invalid 


0 



ns 

tACC 

Access Time 




270 

ns 


CAPACITANCE (Note DTa = 25^‘C 


Cad 

Address Capacitance, CS 

V|N = Vss 


2 

6 

pP 

CCE 

CE Capacitance 

ViN = Vss 


15 

25 

pF 

COUT 

Data Output Capacitance 

VoUT = 0V 


5 

10 

pF 

C|N 

D||\j and WE Capacitance 

Yin = Vss 


4 

6 

pF 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current 
equal to a constant 20 mA. 


switching time waveforms (Continued) 

Read Modify Write Cycle 


Note 1 : WE must be high until end of tcO- 

Note 2: V| |_ max is the reference level for measuring 

timing of the address, CS , D(|m and WE. 

Note 3: Vjh min is the reference level for measuring 
timing of the address, CS, D|n and WE. 

Note 4: Vss + 2V is the reference level for measuring 
timing of CE. 

Note 5: Vqq — 2V is the reference level for measuring 
timing of CE. 

Note 6: Vss 2V is the reference level for measuring 
the timing of DqUT 3 output. 
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MM5 


Semiconductor 


MOS RAMs 


MM 5280 4096-bit dynamic random access memory 
general description 


National's MM5280 is a 4096 word by 1 bit dynamic 
RAM. It incorporates the latest memory design features 
and can be used in a wide variety of applications, from 
those which require very high speed to ones where low 
cost and large bit capacity are the prime criteria. 

The MM5280 must be refreshed every 2 ms. This can be 
accomplished by performing a read cycle at each of the 
64 row addresses (AO— A5). The chip select input can 
be either high or low for refresh. 

The MM5280 has been designed with minimum produc- 
tion costs as a prime criterion. It Is fabricated using 
N-channel silicon gate MOS technology, which Is an ideal 
choice for high density Integrated circuits. The MM5280 
uses a single transistor cell to minimize the device area. 
The single device cell, along with unique design features 


in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 


features 

■ Organization: 4096 X 1 

■ Access time 200 ns maximum 

■ Cycle time 400 ns minimum 
« Easy system interface 

• One high voltage input— chip enable 

• TTL compatible— all other inputs and output 

■ Address registers on-chip 

■ TRI-STATE® output 

■ Simple read-modify-write operation 

■ Industry standard pin configuration 





A9 AID All ^ 0,„ Dot 


Order Number MM5280D 
See Package 5 


A0-A11 

Address Inputs* 

Vbb 

Power (— 5V) 

CE 

Chip Enable 

< 

o 

o 

Power (+5V) 

CS 

Chip Select 

Vqd 

Power (-1-1 2V) 

D|N 

Data Input 

Vss 

Ground 

Oqut 

Data Output 

WE 

Write Enable 

NC 

Not Connected 




'Refresh Address AO— A5 
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absolute maximum ratings (Note!) 

Operating Temperature Range 0°Cto +70°C Supply Voltages Vqq, Vqq and Vss with -0.3V to +20V 

Storage Temperature -65°C to +150°C Respect to VgB 

All Input or Output Voltages with Respect -0.3V to +25V Power Dissipation 1.25W 

to the Most Negative Supply Voltage, VgB 

dc electrical characteristics 

Ta =0°Cto +70°C Vdd =+12V+5%, Vqc = +5V ±5%, Vge (Note 2) = -5V ±5%, Vss= OV, unless otherwise noted. 


PARAMETER 
Input Load Current 


Input Load Current V|N =0VtoV,n( 

Output Leakage Current Up For CE = V|lc CS 
High Impedance State 


CONDITIONS 

V|M - OV to V,n max, (All Inputs 
Except CE) 

V||\j — OV to V((^q max 

CE = V,L c or « = V|H. Vo = OV to 5.25V 


Vdd Supply Current During 
CE “OFF" 

Vdd Supply Current During 
CE "ON" 

Average Vqq Current 
Average Vdd Current 
Vcc Supply Current During 
CE “OFF" 

VgB Supply Current Average 
Input Low Voltage 
Input High Voltage 
CE Input Low Voltage 
CE Input High Voltage 
Output Low Voltage 
Output High Voltage 


CE=-1Vto +6V, Note 4 


o Cycle Time = 400 ns, trE = 230 ns 
Ta =25°C 

Cycle Time = 1000 ns, tcE = 230 ns 
CE = V|Lc or CS - V|H,(Note 5) 


ty = 20 ns (Figure 4) 


Iql ~ 2.0 mA 
Iqh = — 2.0 mA 


TYP 

MAX 

UNITS 

0.01 

10 

MA 

0.01 

10 

MA 

0.01 

10 

liA 

110 


mA 

20 


mA 

35 


mA 

15 


mA 

0.01 

10 

mA 

5 

100 

IxA 


0.6 

V 


Vcc+1 

V 


1.0 

V 


Vdd +1 

V 


0.45 

V 


o 

o 

> 

V 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Tem- 
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vqq, ''^CC' ^SS should never be 0.3V more negative 
than Vgg. 

Note 3: Typical values are for Ta = 25° C and nominal power supply voltages. 

Note 4: The I QQ and Iq 0 currents flow to Vgs- The I gg current is the sum of all leakage currents. 

Note 5: During CE “ON" Vcc supply current is dependent on output loading, VcQ is connected to output buffer only. 


ac electrical characteristics Ta =o°cto+70°c, Vdd = 12V±5%, Vcc = 5v±b%, Vbb=-5v±5% 


SYMBOL I PARAMETER \ CONDITIONS 

READ, WRITE. READ/MODIFY/WRITE. AND REFRESH CYCLE 


Iref 

Time Between Refresh 




2 

ms 

tAC 

Address to CE Set-Up Time 

tAc is Measured From End of Address Transition 

0 



ns 

tAH 

Address Hold Time 


50 



ns 

Icc 

CE "OFF" Time 


130 



ns 

ty 

CE Transition Time 


10 


40 

ns 

tcF 

CE "OFF" to Output High 
impedance State 


0 



ns 


READ CYCLE 



MM5280 







MM 5280 



switching time waveforms 


Read and Refresh Cycled 


pOORESSVALID f 


-tcY (400) 

ADDRESS CAN CHANGE 

■ tT (20}-—l 


^ADDRESS VALID 

1— tT (20) 


Vitc = 

V iH ■— — ■ r 

WE CAN y 
CHANGE/ 

V|L 

VoH - - — 

VoL I 


HIGH 

.IMPEDANCE 


^twL (0) 


I . HIGH „ 
lllVIPEDANCEi 


ADDRESS VALID 

(50)-^ 

T® 


-tcY (400) 

ADDRESS CAN CHANGE 


V.LC 3- 

V,H 

V,u — 

V,H 

V,L 

- — — — - 


D,n can CHANGE 


HIGH 

IMPEDANCE 


-to (150) 

D,n VALID 


WE CAN CHANGE 
— r h-toH (0) 


I , HIGH , 
JjIVIPEDANCE 


Note 1 : Eor refresh cycle, row and column addresses must be stable before tAc and remain stable for entire tAH period. 
Note 2: V|l max is the reference level for measuring timing of the address, CS and Din. 

Note 3: V|h mtn is the reference level for measuring timing of the addresses, C^ and D|n ■ 

Note 4: Vss 2.0V is the reference level for measuring timing of CE. 

Note 5: Voo “ 2V is the reference level for measuring timing of CE. 

Note 6: Vss 2.0V is the reference level for measuring the timing of Dqut a high output. 
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ac electrical characteristics (con't) 

Ta = 0°C to +70°C, Vdd = 1 2V ±5%, Vcc = 5V ±5%, Vge = “5% ±5% 


SYMBOL 1 

PARAMETER | 

1 CONDITIONS 

1 MIN 

1 TVP 1 

MAX 1 

UNITS 

read/modify/write CYCLE 

■^RWC 

Read Modify Write (RMW) 


520 : 



ns 


Cycle Time 






tCRW 

CE Width During RMW 


350 ' 


3000 

ns 

^WC 

WE to CE "ON” 

' ■ 

0 



ns 


^toCE"OFF" 


150 



ns 



tx = 20 ns, Cload = 50 pF, Load = 1 TTL Gate, 





r 

WE Pulse Width 


50 



ns 



Ref = 2.0V, t/s^cc “ t^c tco 1 tj 





to 

D,m to CE Set-Up 


150 



ns 

^dh 

D|(vj Hold Time 


0 



ns 

tco 

-CE to Output Delay 




180 

ns 

two 

WE to Dqut Invalid 


0 




tACC 

Access Time 




200 

ns 

CAPACITANCE (Note 1) 

Ta = 25°C 





Cad 

Address Capacitance, CS 

'^IN ~ ^SS 


2 


pF 

CcE 

CE Capacitance 

V,N = Vss 


15 


pF 

Cqut 

Data Output Capacitance 

VouT = OV 


5 


pF 

C||Nj 

D|m and WE Capacitance 

V,N = Vss 


4 


PF 


Note 1: Capacitance measured with Boonton Meter or effective capacitance Calculated from the equation C= lAt/AV with the current 
equal to a constant 20 mA. 


switching time waveforms (con't) 

Read Modify Write Cycle 



Note 1: Wl must be high until end of tco- 

Note 2: V,|. max is the reference level for measuring timing of the address, CS, Din and WE, 
Note 3: V|h min is the reference level for measuring timing of the address, £S, Dim and WE. 
Note 4: Vss + 2.0V is the reference level for measuring timing of CE. 

Note 5: Voo ~ 2V is the reference level for measuring timing of CE. 

Note 6: Vss 2.0V is the reference level for measuring the timing of Dqut ^ output. 
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MM5280 


National 

Semiconductor 


MOS RAMs 


MM5280A 4096-Bit Dynamic Random Access Memory 


General Description 

National's MM5280A is a 4096 word by 1 bit dynamic 
RAM. It incorporates the latest memory design features 
and can be used in a wide variety of applications, from 
those which require very high speed to ones where low 
cost and large bit capacity are the prime criteria. 

The RAM must be refreshed every 2 ms. This can be 
accomplished by performing a cycle at each of the 64 
row addresses (AO- A5). 

Addresses (A6— All) must have a stable address during 
the refresh cycle. Any address is satisfactory as long as 
the address set-up and hold times are met. The chip 
select input can be either high or low for refresh. 

The MM5280A has been designed with minimum pro- 
duction costs as a prime criterion. It is fabricated using 
N-channel silicon gate MOS technology, which is an ideal 
choice for high density integrated circuits. The MM5280A 
uses a single transistor cell to minimize the device area. 
The single device cell, along with unique design features 
in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 

In every cycle where Chip Select is active (CS low), 
regardless of when or if the Write pulse occurs, previous 
data contained by the addressed cell will appear on 
Dour 3t tACC- This unique feature allows Read-While- 
Write cycles to be performed using minimum Write 
cycle timing. 


Features 

■ Pin compatible with MM5280 

■ Standard power supplies, 12V, 5V, — 5V 

■ Easy system interface 

One high level input— chip enable 
All other pins TTL compatible 

■ TRI-STATE® output 

■ Organized 4096 x 1 

■ Inputs protected against static charge 

■ Simple Read-Modify-Write operation 

■ Read-While-Write capability 

■ Address and chip select registers on-chip 

■ Industry standard 22-pin DIP 

■ Non-latching D I |\j input simplifies write and RMW 
timing 

■ Access time 

MM5280A: 150 ns 
MM5280A-2: 125 ns 
MM5280A-1; 100 ns 
Cycle time. Read, Write, Read-While-Write 
MM5280A: 280 ns 
MM5280A-2: 245 ns 
MM5281A-1: 210 ns 
Cycle time, Read-Modify-Write 
MM5280A: 330 ns 
MM5280A-2: 285 ns 
MM5280A-1: 240 ns 


Connection Diagram and Logic Symbol 


Dual-In-Line Package 



Order Number MM5280AD 
See Package 4 
Order Number MM5280AN 
See Package 17 
Order Number MM5280AJ 
See Package 10B 


AO 


A1 


A2 


A3 

A4 

0|N 

AS 


AS 


A7 

AS 

Dour 

A9 


A10 


All 

CS 

CE WE 


♦A0-A1 1 

Address Inputs 

Vbb 

Power (— 5V) 

CE 

Chip Enable 

vcc 

Power (5V) 

CS 

Chip Select 

Vdd 

Power (12V) 

D|N 

Data Input 

Vss 

Ground 

Oqut 

Data Output 

m 

Write Enable 

NC 

Not Connected 



*Row address AO— A5 
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Absolute Maximum Ratings (Notei> 

Operating Temperature Range to +70‘"C Voltage on Any Pin Relative to Vbb ~0.3V to +20V 

Storage Temperature -65^C to +150“C (Vss — Vbb > 4.5V) 

Power Dissipation 1.25W Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 

Ta = 0°C to +70° C, Vdd = 12V ±5%, Vcc “ 5V ±5%, VgB (Note 4) = — 5V ±5%, VgS = OV, unless otherwise noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP(2) 


UNITS 

•u 

input Leakage 

Vbb “ -^5V, V|N = OV to Vm Max, Pins 
Not Under Test = OV 

■ 

0.01 

B 

pA 

’LO 

Output Leakage for High 
Impedance State 

CE = V|LC VOUT = OV to 5.25V 

■ 


fl 

pA 

IDD1 

Vdd Supply Current During 
CEOFF 

CE = -1Vto0.6V 

■ 


fl 

pA 

•D02 

Vdd Supply Current During 
CEON 

CE = V|hc 

■ 

■ 

B 

mA 

Iqdavi 

Average Vdd Current 

Minimum Cycle Timing, 
(Note 3) 

1 








50 

mA 

1 MM5280A-1 


44 

56 


•dDAV2 

Average Vdd Current 

TcY = 400 ns, Min tcE a^d tj, (Note 3) 


24 

32 

mA 

IDDAV3 

Average Vdd Current 

Tqy = 1000 ns, Min tcE and t^, (Note 3) 


10 

13 

mA 

Ibb 

Average VgB Current 



5 

100 

pA 

V|L 

Input Low Voltage 

(Note 4) 

-1.0 


0.6 

V 

V|H 

Input High Voltage 

(Note 4) 

wm 


Vcc+1 

V 

V|LC 

CE Input Low Voltage 

(Note 4) 

moi 


1.0 

V 

V|HC 

CE Input High Voltage 

(Note 4) 

BIBB 


Vdd+1 

V 

VOL 

Output Low Voltage 

Iql “ 2 mA, (Note 4) 

0.0 


0.45 

V 

VoH 

Output High Voltage 

Iqh " “2 mA, (Note 4) 

2.4 


Vcc 

V 

AC Electrical Characteristics 

TA = 0°c to +70°C, Vdd = 1 2 ±5%, Vbb = -5 ±5% (Note 4), Vss = 0, ty = 10 ns 

SYMBOL 

PARAMETER 

CONDITIONS 

MM5280A-1 

MM5280A-2 

MM5280 

UNITS 

MIN 1 MAX 

MIN 1 MAX 

MIN 1 MAX 

COMMON TO ALL CYCLES | 

tREF 

Time Between Refresh 

(Note 5) 


2 


2 


2 

ms 

tAC 

Address and Chip Select 
to CE Set-Up Time 


0 


0 


0 


ns 

tAH 

Address and Chip Select 
Hold Time 





n 

H 


ns 

Tec 

CE OFF Time 




90 


imQii[[ 


ns 

tT 

CE Transition Time 

(Note 6) 

5 

40 

10 

40 


40 

ns 

tCF 

CE OFF to Open Output 


0 


0 


'IQIIIII 


ns 

READ CYCLE 

tCY 

Cycle Time 


210 


245 


280 


ns 

tcE 

CE ON Time 


110 

3000 

135 

3000 

160 

3000 

ns 

^CO 

CE to Output Access 

(Note?) 


n^jnn 


115 


140 

ns 

tACC 

Address to Output Access 

(Notes 7 and 8) 


mull 


miiiii 


150 

ns 

tWL 

CEOFF to 


0 


0 

iiiiiiiii^ 

0 


ns 

twe 

WE to CE ON 


0 


0 

HUi 

0 


ns 
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AC Electrical' Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd = 12 ±5% VbB = -5 ±5% (Note 4) Vss = 0, tj = 10 ns 
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AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd = 12 ±5%, V.bb = -5 ±5% (Note 4) Vss = 0, tj = 10 ns 


SYMBOL 




1 MM5280A-2 

1 MM5280 

UNITS 


1 MIN 

1 MAX 

1 MIN 

■ MAX 

1 MIN 

1 MAX 

REFRESH CYCLE 

tCY 

Cycle Time 


210 


245 


280 


ns 

tCE 

CE ON Time 


110 

3000 

135 

3000 

160 

3000 

ns 


GEOFF Time 




90 


100 


ns 

tAC 

Address and Chip Select to 
CE Set-Up Time 




0 


0 


ns 

tAH 

Address and Chip Select Hold 
Hold Time 


40 


40 


40 


ns 

tT 

CE Transition Time 

(Note 6) 

5 

40 

10 

40 

10 

40 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Opera- 
ting Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Typical values are at 25° C, typical power supply voltage. 

NoteS: The equation for defining I pD (AVE) 's: 

(Max) Idd(AVE) 150 + ^-^ 

where tQ^, t.^ Tqy s'"® expressed in nanoseconds and the resultant IdD(AVE) expressed in millamps. 

Note 4: All voltages referenced to Vss- When applying voltages to the device VQ^ or Vss should never be 0.3V more negative than Vgs. 
Note 5: For Refresh Cycle, Row and Column Addresses must be stable before ty\Q and remain stable for entire ty\H period. 

Note 6: For test purpose, input levels should swing between OV and 3V. V|).{(|\/)||\|) and V||_(|\/iax) ®^® reference levels for measuring 
transition times and timing of input signals. 

Note 7: Vqh “ ^ss + 2.0V and Vql ~ ^$3 + 0.8V are the reference levels for measuring timing of tco t^cC- 
Note 8: tACC “ ^CO -V ^AC- ^®^f purposes t,- = 10 ns. 

Note 9: For minimum cycle time, t(\/i = 10 ns. 

Note 10: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current 
equal to a constant 20 mA. 

Switching Time Waveforms (Continued) 

Refresh Cycle (Note 5) 





DqUT 


OPEN 
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MM5280-5 



National 

Semiconductor 


MOS RAMs 


MM5280-5 4096-bit dynamic 


random access read/write memory 


general description features 

The MM5280-5 is a slower speed version of National's ■ Access time— 270 ns 

MM5280. Please refer to the MM5280 specification ■ Cycle time— 470 ns 

for pin configuration, block diagram and switching 
time waveforms. 


absolute maximum ratings (Notei) 

Operating Temperature Range 0°C to +70°C Order Number MM52800-5 

Storage Temperature -65° C to +150° C See Package 5 

All Input or Output Voltages with Respect -0.3V to +25V 

to the Most Negative Supply Voltage, Vbb 

Supply Voltages Vqq, VQ^and V55 with —0.3V to +20V 

Respect to VgB 

Power Dissipation 1,25W 


dc electrical characteristics 

Ta = 0°c to +70°C Vdd = +12V ±5%, Vcc = +5V ±5%, Vge (Note 2) = -5V ±5%, Vss = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS " 

II! 

Input Load Current 

V|N = OV to V,H max, (All Inputs 
Except CE) 


0.01 

1 

10 

HA 

kc 

Input Load Current 

V,N = OV to V,HC max 


0.01 

10 

ma 

^•lo ' 

Output Leakage Current, Up For 
High Impedance State 

CE - V,Lc or ^ = V|H, Vq = OV to 5.25V 


0.01 

10 

mA 

*DD1 

Vqq Supply Current During 
CE "OFF" 

CE =-1Vto +6V, Note4 


110 


HA 

•0D2 

Vqq Supply Current During 
CE"0N" 

CE = V,hc,Ta=25°C 


20 


mA 

'do AVI 

Average Vqq Current 

0 Cycle Time = 400 ns, tee == 230 ns 

Ta - 25 C 


35 


mA 

*DD AV2 

Average Vqq Current 

Cycle Time = 1000 ns, tee “ 230 ns 


15 


mA 

•cci 

Vcc Supply Current During 
CE "OFF" 

CE = V,Lc or ^ = V,H,(Note 5) 


0.01 

10 

HA 

Ibb 

Vbb Supply Current Average 



5 

100 

fiA 

. V,L 

Input Low Voltage 

ty = 20 ns 

-1.0 


0.6 

V 

V,H 

Input High Voltage 


2.4 


Vcc+1 

V 

V,LC 

CE Input Low Voltage 


-1.0 


1.0 

V 

V,HC 

CE Input High Voltage 


Vdd~1 


Vdd+1 

V 

VoL 

Output Low Voltage 

Iql “ 2.0 mA 

0.0 


0.45 

V 

VoH 

Output High Voltage 

Iq(.j — 2.0 mA 

2.4 


< 

0 

0 

V 


Note 1 : ''Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Tem- 
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vdd* ^cc* Vss should never be 0.3V more negative 
than Vbb- 

Note 3: Typical values are for = 25° C and nominal power supply voltages. 

Note 4: The Idd ^nd l^c currents flow to Vss- The Ibb current is the sum of all leakage currents. 

Note 5: During CE "ON" Vqq supply current is dependent on output loading, Vqq is connected to output buffer only. 
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ac electrical characteristics 





Ta = 0°C to +70°C, Vdd = 12V ±5%, Vcc == 5V +5%, Vb^ = -5V ±5% 





1 SYMBOL 

parameter 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

1 READ,WRITE, READ/MODIFY/WRITE. AND REFRESH CYCLE | 


Time Between Refresh 




2 

ms 

^AC 

Address to CE Set-Up Time 

t AC Is Measured From End of Address Transition 

0 



ns 

tAH 

Address Hold Time 


50 



ns 

tcc 

CE "OFF" Time 


130 

' 


ns 

tx 

CE Transition Time 


10 


40 

ns 

tcF 

CE "OFF" to Output High 
Impedance State 


0 



ns 

READ CYCLE 

tcY 

Cycle Time 


470 



ns 

^ce 

CE "ON" Time 


300 


3000 

ns 

tco 

CE Output Delay 

Cload “ 50 Load = 1 TTL Gate. Ref = 2.0V, 

f ACC ~ ^Ac + too 1 tr 



250 

ns 

^ACC 

Address to Output Access 




270 

ns 

tWL 

CEto^ 


0 



ns 

twc 

^toCE"ON" 


0 



ns 

WRITE CYCLE 

^CY 

Cycle Time 


470 



ns 

tcE 

CE "ON" Time 


300 



ns 

tw 

^toCE"OFF" 


150 



ns 

tew 

CE to 

ty “ 20 n$ 

130 



ns 

to 

D,isj to CE Set-Up 


150 

■H| 


ns 

toH 

D|n Hold Time 


0 



ns 

tyvp 

^ Pulse Width 


50 



ns 

READ/MODIFY/WRITE CYCLE 

tRWC 

Read Modify Write (RMW) 
Cycle Time 


B90 



ns 

tcRW ’ 

CE Width During RMW 


420 



ns 

%c 

^toCE"ON" 


0 



ns 

tw 

WE to CE "OFF" 


150 



ns 

twP 

WE Pulse Width 

tx = 20 ns, C, OAD " 50 pF, Load = 1 TTL Gate, 

Ref = 2.0V, tACC ~ ^AC tco ^ 

50 



ns 

to 

, 

D|n to CE Set-Up 


150 



ns 

toH 

D(n Hold Time 

■ . . . . : 

0 



ns 

tco 

CE to Output Delay 




250 

ns 

two 

WE to Dqut Invalid 


0 




tACC 

Access Time 




270 

ns 

CAPACITANCE (Note 1) 

Ta = 25“C 





Cad 

Address Capacitance, CS 

Y - Vss 


2 


pF 

CcE 

CE Capacitance 

Yin ^ Yss 


15 


pF 

Coot 

Data Output Capacitance 

Yqut =0V 


5 


pF 

C|N 

D|n and WE Capacitance 

Y|n " Yss 


4 


pF 

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C= 1 

At/AV with the current 

equal to a constant 20 mA. 
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MM5280-5 










MM5281 


National 

jSi Semiconductor 


MOS RAMS 




MM5281 4096-bit fully TTL compatible dynamic random access memory 


general description 

Nationars MM5281 is a 4096 word by 1 bit fully TTL 
compatible dynamic RAM. It Incorporates the latest 
memory design features and can be used in a wide variety 
of applications, from those which require very high 
speed to ones where low cost and large bit capacity are 
the prime criteria. 

The MM5281 must be refreshed every 2 ms. This can be 
accomplished by performing a read cycle at each of the 
64 row addresses {AO— A5). The chip select input can 
be either high or low for refresh. 

The MM5281 has been designed with minimum produc- 
tion costs as a prime criterion. It is fabricated using 
N-channel silicon gate MOS”technology, which is an ideal 
choice for high density integrated circuits. The MM5281 
uses a single transistor cell to minimize the device area. 


The single device cell, along with unique design features 
in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 

features 

■ Organization; 4096 x 1 

■ Access time 250 ns maximum 

■ Cycle time 400 ns minimum 

■ TTL compatible 

■ Address registers on-chip 

■ TRI-STATE® output 

■ Simple read-modify-write operation 

■ Industry standard pin configuration 


block and connection diagrams 



VoD 114) +12V 

Vss (18) — OV 
Vaa (1) — -5V 


Pin Names 


AO- A 11 

Address Inputs* 

Vbb 

Power (-5V) 

CE 

Chip Enable 

Vcc 

Power {+5V) 


Chip Select 

Vdd 

Power (+12V) 

D,n 

Data Input 

Vss 

Ground 

□ out 

Data Output 


Write Enable 

NC 

Not Connected 




•Refresh Address AO— A5 
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absolute 

maximum ratings 

(Note 1) 





operating Temperature Range 

0°Cto+70°C Supply Voltages VpQ, VQ0 and Vss with -0.3V to -F20V 

Storage Temperature ~65°C to +150°C RespecttoVeB 




All Input or Output Voltages with Respect 

-0,3V to +25V Power Dissipation 




1.25W 

to the Most Negative Supply Voltage, Vbb 






dc electrical characteristics 





Ta = 0°C to +70°C Vdd = +12V ±5%, Vcc = +5V ±5%, Vbb (Note 2) = -5V ±5%, Vgs 

= OV, unless otherwise noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Ili 

Input Load Current 

V|f^ = OV to V,H max 


0.01 

10 

iiA 

'Ilo' 

Output Leakage Current Up For 
High Impedance State 

^ = V,H or ^ = V,H, Vo = OV to 5.25V 


0.01 

10 

iuA 

Iqdi 

Vdd Supply Current During 
CE"OFF" 

X 

> 

II 

lUJ 

lo 


1 


mA 

•dD2 

Vqd Supply Current During 

CE = V,l. Ta =25°C 


20 


mA 


^■"ON" 






•ODAVI 

Average Vqq Current 

o Cycle Time = 400 ns, teg - 240 ns 

Ta = 25 C 


35 


mA 

*DO AV2 

Average Vqd Current 

Cycle Time - 1000 ns, tcE = 240 ns 


15 


mA 

*CC1 

Vcc Supply Current During 
CE "OFF" 

^ = V,H or^= V,H,(Note5) 


0,01 

10 

fjiA 

•bb 

V0B Supply Current Average 



5 

100 

iJlA 

V,L 

Input Low Voltage 

tj = 10 ns (Figure 4) 

-1.0 


0.6 

V 

V,H 

Input High Voltage 


2.4 


Vcc+1 

V 

Vot 

Output Low Voltage 

Iql ~ 2,0 roA 

0.0 


0.45 

V 

''^OH 

Output High Voltage 

~ ~2.0 mA 

2.4 


< 

o 

o 

V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Tem- 
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 

conditions for actual device operation. 





. ■ 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vqq, V^q, and Vcs should never be 0.3V more negative 

than Vbb- 







Note 3: Typical values are for Ta - 25° C and nominal power supply voltages. 

Note 4: The Iqd and I^q currents flow to Vbs- The Ibb current is the sum of all leakage currents. 





Note 5: During CE "ON" VqC supply current is dependent on output loading, Vqq is connected to output buffer only. 



ac electrical characteristics 

Ta = 0“C to +70'^C, Vdd = 12V ±5%, Vcc " 

5V ±5%, Vbb 

5V ±5% 


1 SYMBOL 

1 PARAMETER | 

CONDITIONS 

MIN 1 

TYP i 

MAX I 

UNITS 

1 READ.WRITE.READ/MODIFY/WRITE, AND REFRESH CYCLE | 

fREF 

Time Between Refresh 




2 

ms 

tAC 

Address to CE Set-Up Time 

tAc is Measured From End of Address Transition 

0 



ns 

Uh 

Address Hold Time 


100 



ns 

tcc 

^ "OFF" Time 


140 



ns 

tT 

CE Transition Time 




40 

ns 

tCF 

CE "OFF" to Output High 


50 



ns 


Impedance State 






READ CYCLE 

fcY 

Cycle Time 


400 


' 

ns 

tcE 

CE "ON" Time 


240 


3000 

ns 

^co 

CE Output Delay 
Address to Output Access 

Cload = 50 pF, Load = 1 TTL Gate, Ref = 2.0V. 
^ACC " ^AC fco 



250 

ns 

tACC 



250 

ns 

tyvL 

CEtoWl 


0 



ns 

Wc 

WE to ^ "ON" 


0 



ns 
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MM5281 
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ac electrical characteristics (con't) 

Ta = 0°Cto+70°C, Vdd = 12V±5%, Vcc = 5V ±5%, Vbb = -5%±5% 

SYMBOL ] PARAMETER [ CONDITIONS 

READ/MODI FY/WRITE CYCLE 

tRVvc Read Modify Write (RMW) 

Cycle Time 

fcRW CE Width During RMW 


WE to CE “ON" 
WE to ^ "OFF" 


WE Pulse Width 
D|m to CE Set-Up 


D(^j Hold Time 
CE to Output Delay 


WE to Dout Invalid 


t-j- = 10 ns, Cload ~ 50 pF, Load = 1 TTL Gate, 
Ref = 2.0V , t^cc ~ Iac ico 


CAPACITANCE (Note 1) Ta = 25°C 

Cad Address Capacitance, CS V,m=Vss 2 

Cq£ CE Capacitance ~ Vgg 5 

Cqut Data Output Capacitance Vqut ~ 0^ 5 

C.^, Difj and WE Capacitance Vim = Vcc 4 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the 
equal to a constant 20 mA. 


switching time waveforms (con 't) 


Read Modify Write Cycle 


ADDRESS VALID 


ADDRESS CAN CHANGE 





Note I : WE must be high until end of tco- 

Note 2: V|L max is the reference level for measuring timing of the address, CS, D||vj and WE. 
Note 3: V|h min is the reference level for measuring timing of the address, CS, Dirvj and WE. 
Note 4: Vss + 2.0V is the reference level for measuring the timing of Dout ft"' ^ output 







MM5290 



National 

Semiconductor 


MM5290 16,384 x 1 Bit Dynamic RAM 


MOS RAMs 



General Description 

The MM5290 is a 16,384 x 1 bit dynamic RAM. It 
features a multiplexed address input with separate row 
and column strobes. This added flexibility allows the 
MM5290 to be used in page mode operation. 

The MM5290 must be refreshed every 2 ms. This can be 
accomplished by performing any cycle which brings the 
Row Address Strobe active including an RASonly 
cycle at each of the 128 row addresses. 

N-channel double-poly silicon gate technology, developed 
by National, is used in the manufacture of the MM5290. 
This process combines high density and performance 
with reliability. Greater system densities are achievable 


by the use of a 16-pin dual-in-line package for the 
MM5290. 

Features 

■ Access times: 1 50 ns, 200 ns, 300 ns 

■ Low power:462 mW max 

■ TTL compatible: all inputs and output 

■ Gated CAS— noncritical timing 

■ Read, Write, Read-Modify-Write and RAS-only 
Refresh cycles 

■ Page mode operation 

■ Industry standard 16-pin configuration 


Block and Connection Diagrams 



DuaMn-Line Package 



Order Number MM5290J 
See Package 10 


Pin Names 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

WE 

Write Enable 

A0-A6 

Address Inputs 

Dl 

Data input 

DO 

Data Output 

Vqd 

Power (12V) 

Vcc 

Power (5V) 

v$s 

Ground 

Vbb 

Power (— 5V) 
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Absolute Maximum Ratings (Notei) 





Operating Temperature Range 0°C to+70°C 

Voltage on Any Pin Relative to Vrb 

-0.3V to +20V 

Storage Temperature -65°G to +1 50°C 

(Vss- V bb > 4.5V) 



Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 

Recommended DC Operating Conditions 





SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

NOTES 

Ta 

Ambient Temperature 

0 

70 

‘'c 


vdd 

Supply Voltages 

10.8 

13.2 

V 

2, 3 

Vcc 


4.5 

5.5 

V 

2, 3 

Vss 


0 

0 

V 

2, 3 

Vbb 


-4.5 

-5.5 

V 

2, 3 

ViHC 

Input High Voltage, RAS, CAS, WE 

2.7 

7.0 

V 

2 

V|H 

Input High Voltage, A0-A6, Dl 

2.4 

7.0 

V 

2 

V|L 

Input Low Voltage, All Inputs 

-1.0 

0.8 

V 

2 

DC Electrical Characteristics 





Ta = o°c to +70°c, Vdd = i2v ±10%, vcc = 5V ±10%, Vbb = - 

5V ±10%, Vss = OV, (Notes 2 and 3) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

NOTES 

•ddi 

Operating Current 


35 

mA 

4 

'CCl 

Average Power Supply Operating Current 




5 

•bb 1 

(RAS, CAS Cycling; tRc ~ 375 ns) 


200 



•DD2 

Standby Current 


1.5 

mA 


'CC2 

Power Supply Standby Current (RAS = V|HC» 

-10 

10 

UA 


'BB2 

DO= High Impedance) 


100 

IdA 


•dD3 

Refresh Current 


25 

mA 

4 

ICC3 

Average Power Supply Current, Refresh Mode 

-10 

10 

fjtA 


'BB3 

(RAS Cycling, CAS = V(HC- ^RC 375 ns) 

( 

200 

IdA 


'DD4 

Page Mode Current 


27 

mA 

4 

'CC4 

Average Power Supply Current, Page Mode 




5 

IBB4 

(RA$ = V 1 1_, CAS Cycling; tpQ = 225 ns) 


200 

^A 


l|(L) 

Input Leakage 

Input Leakage Current, Any Input 
(Vbb = -5V, OV < V||M < 7V, All Other 
Pins not Under Test = OV) 

-10 

10 

^A 


'O(L) 

Output Leakage 

Output Leakage Current (DO is Disabled, 
0V< Vout<5-5V) 

-10 

10 

UA 



Output Levels 





Vqh 

Output High Voltage (IquT ~ 

2.4 


V 


VOL 

Output Low Voltage doUT " 


0.4 

V 


CAPACITANCE 

C| 

Input Capacitance A0-A6, Dl 


5 

PF 

6 

Cc 

Input Capacitance RAS, CAS, WE 


TO 

pF 

6 

Co 

Output Capacitance, DO 

^ 


7 

pF 

6 

Note 1: "Absolute 

Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating 

Conditions" provides conditions for actual device operation. 





Note 2: All voltages referenced to Vss- When applying voltages to the device, Vpp, Vcc 

or Vss should never be 0.3V more negative than Vge- 

Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose. 

Note 4: Ippi, lpp 3 , and Ipp 4 depend on cycle rate. 
Note 5: iQptlepends on output load. 





Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed 

by periodic testing. 





1 
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MM5290 



MM5290 


AC Electrical Characteristics 

Ta = 0°c to +70° C, Vdd = 12V ±10%, Vcc = 5V ±10%, Vbb = ±10%, Vss = 0, (Notes 2 and 3) 


SYMBOL 

PARAMETER 


MM5290-3 1 

1 MM5290-4 

UNITS 

NOTES 



MIN 

1 MAX 1 

MIN 

MAX 

tRC 

Random Read or Write Cycle Time 

375 


375 


475 


ns 

7 

tRWC 

Read-Write Cycle Time 

375 


375 


550 


ns 

7 

tpc 

Page Mode Cycle Time 

170 


225 


330 


ns 


tRAC 

Access Time from RAS 


150 




300 

ns 

8,10 

tCAC 

Access Time from CAS 


100 




200 

ns 

9,10 

tOFF 

Output Buffer Turn-Off Delay 

0 

40 

0 

50 

0 

70 

ns 

11 

tT 

Transition Time (Rise and Fall) 

3 

35 

3 

50 

3 

50 

ns 


^RP 

RAS Precharge Time 

100 


120 


165 

' 

1 

ns 


tRAS 

R^ Pulse Width 

150 

32,000 

200 

32,000 

300 

32,000 

ns 


tRSH 

RAS Hold Time 

100 


135 


200 


ns 


tCAS 

CAS Pulse Width 

100 

10,000 

135 

10,000 

200 

10.000 

ns 


tRCD 

RAS to CAS Delay Time 

20 

50 

25 

65 

35 

100 

ns 


tcRp 

CAS to RAS Precharge Time 

-20 


-20 


-20 


ns 


tASR 

Row Address Set-Up Time 

0 


0 


0 


ns 


tRAH 

Rovy Address Hold Time 

20 


25 


35 


ns 


tASC 

Column Address Set-Up Time 

-10 


-10 


-10 


ns 


tCAH 

Column Address Hold Time 

45 


55 


75 


ns 


tAR 

Column Address; Hold Time Referenced to RAS 

95 


120 


175 


ns 


tRCS 

Read Command Set-Up Time 

0 


0 


0 


ns 


tRCH 

Read Command Hold Time 

0 


0 


0 


ns 


tWCH 

Write Command Hold Time 

45 


55 


75 


ns 


tWCR 

Write Command Hold Time Referenced to RAS 

95 


120 


175 


ns 


twp 

Write Command Pulse Width 

45 


55 


75 


ns 


tRWL 

Write Command to RAS Lead Time 

60 


80 


120 


ns 


tCWL 

Write Command to CAS Lead Time 

60 


80 


120 


ns 


tDS 

Data-In Set-Up Time 

0 


0 


0 


ns 

12, 13 

tDH 

Data-In Hold Time 

45 


55 


75 


ns 

12,13 

to HR 

Data-In Hold Time Referenced to RAS 

95 


120 


175 


ns 


tCP 

CAS Precharge Time (for Page Mode 

60 


80 


120 


ns 



Cycle Only) 









tREF 

Refresh Period 


2 " 


2 


2 

ms 


twcs 

WE to CAS Set-Up Time 

-40 


-40 


-40 


ns 

13 

tCWD 

C^ to WE Delay 

70 


95 


150 


ns 

14 

tRWD 

to WE Delay 

120 


160 


250 


ns 

14 


Note 7: The specifications for tRQ(Mllvj) and tRvvC(MIN) only to indicate cycle time at which proper operation over the full tempera- 

ture range is guaranteed. 

Note 8: Assumes row-limited access, i.e., tpcD ^ ^RCD(MAX)- 

Note 9: Assumes column-limited access, i.e., tRCD ^ fRCD(MAX)- 
Note 10: Equivalent load is 2 standard TTL inputs plus 100 pF. 

Note 11 : CAS going high disables the Data Output. tQFF 's the delay to the high impedance state. 

Note 12: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of Wl in a Read-Modify- 
Write cycle. (See Note 12, below). 

Note 13: If tyycs ^ fWCS(MIN)' Data Output is guaranteed to remain in the high impedance state for the duration of the cycle. This is the 
"early-write" cycle. 

Note 14: If tcwD ^ fCWD(MIN) tpwD ^ fRWD(MIN)' Data Output will contain the original data in the selected cell. This is the Read- 
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12 is met. 
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Switching Time Waveforms (Continued) 


Page Mode Read Cycle 






MM5290 


Timing Flow Chart 


ACTIVE 



PRECHARGE 
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Semiconductor 


Bipolar R AMs 


DM5489/DM7489 (SN5489/SN7489) 
64-bit random access read/write memory 


general description 

The DM5489/DM7489 is a fully decoded 64-bit 
RAM organized as 16 4-bit words. The memory is 
addressed by applying a binary number to the four 
Address inputs. After addressing, information may 
be either written into or read from the memory. 
To write, both the Memory Enable and the Write 
Enable inputs must be in the logical "0" state. 
Information applied to the four Write inputs will 
then be written into the addressed location. To 
read Information from the memory the Memory 
Enable input must be in the logical "0" state and 
the Write Enable Input in the logical "1" state. 
Information will be read as the complement of 
what was written into the memory. When the 


Memory Enable input is in the logical "1" state, 
the outputs will go to the logical ”1" state. 

features 

■ Series 54/74 compatible 

■ Organized as 16 4-bit words 

■ Typical access from chip enable 23 ns 

■ Typical access 35 ns 

■ Typical power dissipation 400 mW 

■ Open collector outputs to permit "wire OR" 
capability 


block diagram 



connection diagram 


truth table 


Dual-ln-Line Package 


Order Number DM5489J 
or DM7489J 
See Package 10 
Order Number DM7489N 
See Package 1 5 


MEMORY 

ENABLE 

WRITE 

ENABLE 

OPERATION 

OUTPUTS 

0 

0 

Write 

Logical " 

" State 1 

0 

' 1 ; 

Read 

Complement of Data 
Stored in Memory 

1 

X 

Hold 

Logical “ 

"State 1 


2-1 


DM5489/DM7489 




DM 5489/D M7489 


absolute maximunn ratings (Notei) 


Supply Voltage 

7V 

Input Voltage 

5.5V 

Output Voltage 

5.5V 

Operating Temperature Range 


DM5489 

-55°Cto+125°C 

DM7489 

0°C to +70°C 

Storage Temperature Range 

-65°Cto+150°C 

Lead Temperature (Soldering, 10 sec) 

300°C 

electrical characteristics (Note 2) 



PARAMETER 


DM5489 


DM7489 


DM5489 


DM7489 

Logical "1” Output Current 

DM5489 

DM7489 


DM5489 


DM7489 

Logical "1" Input Current 

DM5489 

DM7489 

DM5489 

DM7489 

Logical "0" Input Current 

DM5489 

DM7489 


DM5489 

supply i^urreni 

DM7489 


DM5489 

Input Clamp Voltage 

DM7489 


CONDITIONS 

Vcc = 4.5V 


Vcc = 4.75V 


Vcc = 4.5V 


^ Vcc = 4.75V 


Vcc = 5.5V 
Vcc = 5.25V 

Vo = 5.25V 

Vcc = 4.5V 


Vcc = 4.75V 


Vcc = 5.5V 
Vcc = 5.25V 

V,N = 2.4V 

Vcc = 5.5V 
Vcc = 5.25V 

ViN = 5.5V 

Vcc = 5.5V 
Vcc = 5:25V 

Vcc = 5.5V 


Vcc = 5.25V 




SWitChiriQ chsrsctoristics (Over recommended operating ranges of Vcc andT^) 


CONDITIONS 


tpLH _ _ 

Access Time From Address 

tPHL 

tpLH Disable Time From Memory Enable 

tpHL Enable Time From Memory Enable 


^HOLD I Hold Time 


Rli = 300n 

Rl 2 = soon 

Cl =30pF 


tsETUP Setup Time Address to Write 0 14 0 14 

Enable 

Data to Write Enable ^0 -15 0 -15 

— R,i =30012 

Memory Enable To _ 

Rl2 = 60012 0 -10 0 -10 

Write Enable 

Cl=30pF 

^HOLD Hold Time Address From Write 5 5 7 

Enable 

Data From Write 

0 -14 0 -14 

Enable 

Memory Enable 

0 -10 0 -10 

From Write Enable 

twp Write Pulse Width 50 20 40 ’20 

tgR Sense Recovery Time 31 65 31 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. Except for "Operating Temperature Range" they are not meant to imply that the 
devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions 
for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature 
range for the DM5489 and across the 0®C to 7(fC range for the DM7489. All typicals are given for 
Vcc = 5.0V and Ta = 25° C. 


DM5489 

DM7489 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


34 

80 


34 

60 


35 

80 


35 

60 


23 

55 


23 

40 


23 

55 


23 

40 

0 

-14 


0 

-14 


0 

-15 


0 

-15 


0 

-10 


0 

-10 


5 

-7 


5 

-7 


0 

-14 


0 

-14 


0 

-10 


0 

-10 


50 

20 


40 

’ 20 



31 

65 


31 

55 




















typical performance characteristics 


Delay from Address to Output 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE fC) 


Delay from Memory Enable 
to Output 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE rC) 



-75 -50 -25 0 25 50 75 100 125 

temperature rc) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


ac test circuit and switching time waveforms 


5.0V 



Read Cycle 


Write Cycle 



ADDRESS 


address 
' A 




^Output shown for stored data <n 
address A = 1. in address 8 = 0. 



s 



5489/DM7489 



DM54LS189/DM74LS189 



National 

Semiconductor 


Bipolar RAMs 


DM54LS189/DM74LS189 low power 64-bit 
random access memories with TRI-STATE® outputs 


general description 

These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of 4 bits each. They are fully 
decoded and feature a chip enable input to simplify 
decoding required to achieve the desired system organi- 
zation. This device is implemented with low power 
Schottky technology resulting in one-fifth power while 
retaining the speed of standard TTL. 

The TRI-STATE output combines the convenience of 
an open-collector with the speed of a totem-pole output; 
it can be bus-connected to other similar outputs, yet it 
retains the fast rise time characteristics of the TTL 
totem-pole output. Systems utilizing data bus lines with 
a defined pull-up impedance can employ the open- 
collector DM54LS289. 

Write Cycle; The complement of the information at the 
data input is written into the selected location when 
both the chip enable input and the read/write input are 
low. While the read/write input is low, the outputs are in 
the high impedance state. When a number of the 
DM54 LSI 89 outputs are bus-connected, this high 
impedance state will neither load nor drive the busline. 


but it will allow the bus line to be driven by another 
active output or a passive pull-up if desired. 

Read Cycle: The stored information (complement of 
information applied at the data inputs during the write 
cycle) is available at the outputs when the read/write 
Input is high and the chip enable is low. When the chip 
enable input is high, the outputs will be in the high 
impedance state. 

features 

■ Schottky-clamped for high speed applications 

Access from chip enable input— 40 ns typ 
Access from address inputs— 60 ns typ 

■ TRI-STATE outputs drive bus-organized systems 
and/or high capacitive loads 

■ Low power— 75 mW typ 

■ DM54LS189 is guaranteed for operation over the full 
military temperature range of -55°C to +125°C 

■ Compatible with most TTL and DTL logic circuits 

■ Chip enable input simplifies system decoding 


connection diagram 


Dual-In-Line and Flat Package 
SELECT INPUTS DATA DATA 



1 2 


TOP VIEW 


truth table 


FUNCTION 

INPUTS 

OUTPUT 

CHIP 

ENABLE 

READ/ 

WRITE 

Write 

(Store Complement of Data) 

L 

L 


Read 

L 

H 


Inhibit 

H 

X 

Hz 


H = high level 
L = low level 
X = don't care 


Order Number DM54LS189J or DM74LS189J 
See Package 10 
Order Number DM74 LSI 89N 
See Package 15 
Order Number DM54 LSI 89W 
See Package 28 
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absolute maxim um ratings (Notei) 


operating conditions 





MIN 

MAX 

Supply Voltage, Vqc 

7V 

Supply Voltage (Vqq) 



Input Voltage 

5.5V 

DM54LS189 

4.5 

5.5 

Output Voltage 

5.5V 

DM74LS189 

4.75 

5.25 

Storage Temperature Range 

-65° C to +150° C 

Temperature IT a) 



Lead Temperature (Soldering, 10 seconds) 

300°C 

DM54LS189 

55 

+125 



DM74LS189 

0 

+70 


electrical characteristics 

Over recommended operating free-air temperature range (unless otherwise noted) (Notes 2 and 3) 


CONDITIONS 


PARAMETER 


High Level Input Voltage 
Low Level Input Voltage 
H igh Level Output Voltage 


Low Level Output Voltage 
High Level Input Current 


High Level Input Current at Maximum Voltage I Vqc “ V| = 5.5V 


IOL=4mA DM54LS189 


IOL = 8mA DM74LS189 


Vcc = Max, V| = 2.7 


>IL Low Level Input Current 

Short-Circuit Output Current (Note 4) 


Supply Current (Note 5) 


V|c Input Clamp Voltage 


•OZH TRI-STATE Output Current, High Level 
Voltage Applied 


•OZL TRI-STATE Output Current, Low Level 
Voltage Applied 


switching time waveforms 


CHIP ENABLE 
INPUT 

(SEE NOTE 3) gy 



Vcc = Max, V| = 0.45V 


Vcc “ Max, Vq = OV 


Vcc = Max 


Vqc = Min, l| = -18 mA 


Vcc = Max, Vo = 2.4V 


Vcc = Max, Vq = 0.45V 



Enable and Disable Time From Chip Enable 



WAVEFORM 2 Voh - 
(SI OPEN, 

S2 CLOSED) 

(NOTED M.5V - 



toSKV 

N 

/I 

_ ^ 








y 


- tv*MZ 



Access Time From Address Inputs 


Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output 
with internal conditions such that the output is high except when disabled. 

Note 2. When measuring delay times from address inputs, the chip enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip enable input, the address inputs are steady -state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse gerierators having the following characteristics: t^ < 2.5 ns, tf < 2.5 ns, PRR < 1 MHz, and 
ZqUT 5012. 


DM54LS189/DM74LS189 


































DM 54LS189/ DM74LS189 


switching characteristics 

Over recommended operating ranges of Ta and Vqc (unless otherwise noted) 


PARAMETER 

CONDITIONS 

DM54LS189 

1 DM74LS189 

UNITS 


QQQI 

MAX 


BSBQI 

'IQQJI 

^AA Access Times From Address 



60 



!■ 

m 

ns 

fCZH Output Enable Time to 
High Level 

Access Times From 
Chip Enable 

Cl=30pF. Rl= 1 k<n, 


40 

80 


40 

60 

ns 

tcZL Output Enable Time to 
Low Level 


40 

80 


40 

60 

ns 

^ZH Output Enable Time to 
High Level 

Sense Recovery Times 
From Read/Write 


60 




80 

ns 

twZL Output Enable Time to 
Low Level 





60 

80 


tcHZ Output Disable Time 
From High Level 

Disable Times From 
Chip Enable 

Cl= 5pF, Rl= 1 ka. 


40 

80 


40 

60 

ns 

tCLZ Output Disable Time 
From Low Level 


40 

80 


40 

60 

ns 

tWHZ Output Disable Time 
From High Level 

Disable Times, From 
Read/Write 


40 



40 


ns 

tWLZ Output Disable Time 
From Low Level 


40 



40 



ty/VP Width of Write Enable Pulse (Read/Write Low) 








ns 

tASW Set-Up Time 
«DSW 

tcsw 

Address to Read/Write 

0 



0 



ns 

Data to Read/Write 

100 



m 



Chip Enable to 
Read /Write 

0 



0 



^AHW Hold Time 

tDHW 

tCHW 

Address From Read/Write 

10 



5 



ns 

Data From Read/Write 

0 



0 



Chip Enable From 
Read/Write 

0 



0 




Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DM54LS189 and across the 0°C 
to +70°C range for the DM74LS189. All typicals are given for Vqq = 5V and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Iqc is measured with all inputs grounded, and the outputs open. 
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National 
Semiconductor 


Bipolar RAMs 


DM54S189/DM74S189 64-bit random access 
memories with TRI-STATE® outputs 


general description 

These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of four-bits each. They are fully 
decoded and feature a chip-enable input to simplify 
decoding required to achieve the desired system organiza- 
tion. The memories feature PNP input transistors that 
reduce the low level input current requirement to a 
maximum of —0.25 mA, only one-eighth that of a 
DM 548/ DM 7 4S standard load factor. The chip-enable 
circuitry is implemented with minimal delay times to 
compensate for added system decoding. 

The TRI-STATE output combines the convenience of 
an open -col lector with the speed of a totem-pole output; 
it can be bus-connected to other similar outputs, yet it 
retains the fast-rise-time characteristics of the TTL 
totem-pole output. Systems utilizing data-bus lines with 
a defined pull-up impedance can employ the open- 
collector DM54S289. 

Write Cycle: The complement of the information at the 
data input is written into the selected location when both 
the chip-enable input and the read/write input are low. 
VVhile the read/write input is low, the outputs are in the 
high-impedance state. When a number of the DM54S189 
outputs are bus-connected, this high-impedance state 
will neither load nor drive the bus line, but it will allow 
the bus line to be driven by another active output or a 
passive pull-up if desired. 

Read Cycle: The stored information (complement of 
information applied at the data inputs during the write 
cycle) is available at the outputs when the read/write 


input is high and the chip-enable is low. When the chip- 
enable input is high, the outputs will be in the high- 
impedance state. 

The fast access time of the DM54S189 makes it 
particularly attractive for implementing high-performance 
memory functions requiring access times on the order 
of 25 ns. The high capacitive-drive capability of the 
outputs permits expansion without additional output 
buffering. The unique functiorial capability of the 
DM54S189 outputs being at a high impedance during 
writing combined with the data inputs being inhibited 
during reading means that both data inputs and outputs 
can be connected to the data lines of a bus-organized 
system without the need for interface circuits. 


features 

■ Schottky-clamped for high-speed applications: 

access from chip-enable input 12nstyp 

access from address inputs 25 ns typ 

■ TRI -STATE outputs drive bus-organized systems 
and/or high capacitive loads 

■ DM54S289, DM74S289 are functionally equilva- 
lent, have open-collector outputs, and are compat- 
ible with IntelSI 01 A in most applications 

■ DM54S189 is guaranteed for operation over the full 
military temperature range of -55°C to +125°C 

■ Compatible with most TTL and DTL logic circuits 

■ Chip-enable input simplifies system decoding 


connection diagram 


Dual-In-Line Package 
INPUTS DATA 


INPUT OUTPUT INPUT OUTPUT 


truth table 
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DM54S189/DM74S189 


absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage, Vqq 

7.0 V 

Supply Voltage (Vcc) 




Input Voltage 

5.5V 

DM54S189 

4.5 

5.5 

V 

Output Voltage 

5.5V 

DM74S189 

4.75 

5.25 

V 

Storage Temperature Range 

-€5°Cto -H50°C 

Temperature (Ty\) 
DM54S189 




Lead Temperature (Soldering, 10 seconds) 

300“ C 

-55 

+125 

“c 



DM74S189 

0 

+70 

°c 


electrical characteristics 

over recommended operating free-air temperature range (unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 


TYP 

MAX 

ViH High Level Input Voltage 


2 



V 

V|L Low-Level Input Voltage 




0.8 

V 

VpH High-Level Output Voltage 

Vcc - Min 

Iqh = -2.0 mA, DM54S189 

2.4 

3.4 


V 

loH = -6.5 mA, DM74S189 

2.4 

3.2 


VpL Low Level Output Voltage 

Vcc ~ Min, Iql ~ 16 mA 

DM54S189 



0.5 

V 

DM74S189 



0.45 

l|H High Level Input Current 

Vcc = Max, V, = 2.7 



25 

pA 

Ii High Level Input Current at Maximum Voltage 

Vcc =" Max, V, - 5.5V 



1.0 

mA 

I|L Low Level Input Current 

Vcc = Max, V, = 0.45V 



-250 

mA 

IpS Short Circuit Output Current (Note 4) 

Vcc = Max, Vo = OV 

-30 


-100 

mA 

Ice Supply Current (Note 5) 

^ Mdx 


75 

110 

mA 

V|c Input Clamp Voltage 

Vcc ~ Min, l| = -18 mA 



-1.2 

V 

Iqzh TRI-STATE Output Current, High Level Voltage 
Applied 

Vcc = Max, Vo ^ 2.4V 



50 

pA 

IpZL TRI-STATE Output Current, Low Level Voltage 
Applied 

Vcc = Max. Vo = 0.45V 



-50 

/iA 


switching characteristics 

over recommended operating ranges of and (unless otherwise noted) 


PARAMETER 

CONDITIONS 

1 LIMITS 1 

UNITS 

1 DM54S189 

1 DM74S189 1 



MAX 

IQIJI 

TYPd ) 


tAA Access Times From Address 

Cl =30pF, RL = 280n, 
(Figure 1) 


25 

50 


25 

35 

ns 

tezH Output Enable Time to 

High Level 

Access Times From 
Chip Enable 


12 

25 


12 

17 

ns 

tezL Output Enable Time to 

Low Level 


12 

25 


12 

17 

ns 

<WZH Output Enable Time to 
High Level 

Sense Recovery Times 
From Read/Write 


22 

40 


22 

35 

ns 

twZL Output Enable Time to 
Low Level 


22 

40 


22 

35 

ns 
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switching characteristics (con't) 


Output Disable Time 

From High Level Disable Times From 

Output Disable Time Chip Enable 

From Low Level 
Output Disable Time 

From High Level Disable Times f 

Output Disable Time Read/Write 

From Low Level 

Width of Write-Enable Pulse f Read/Write Low) 
Set-Up Time (Figure 1) ' 1 Address to Rea 


Disable Times From 
Read/Write 


CONDITIONS 


Cl = 5pF, Rl =280^i 
(Figure 1) 


tASW Set-Up Time fF/lji/re Address to Read/Write 0 0 

tQsw fo Read/Write 25 25 

— — — ^ ^ ^ ^ ns, 

tcsw Chip-Enable to 0 0 

Read/Write 

'ahw ^o\d Time (Figure 1) Address From Read/Write 0 0 

tQHW Data From Read/Write 0 0 

^ — ns 

tcHW Chip- Enable From 0 0 

Read/Write 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°G to +125°C temperature range for the DM54S189 and across the 0°C to 
+7G°C range for the DM74S189. All typicals are given for Vcc “ 5.0V and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground Unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4. Only one output at a time should be shorted. 

Note 5: I qc ' s measured with all inputs grounded, and the outputs open. 


ini 

TYP(l) 

MAX 


TYPI1) 



12 

25 


12 

17 ns 


12 

25 


12 

17 ns 


12 



12 

ns 


12 



12 

ns 

25 



25 


ns 

0 



0 



25 



25 



0 ' 



0 



0 



0 



0 



0 



0 



0 




switching time waveforms 



k" • . . ' ^ 

^,sv 


■» *C2L * 

:_i ' ■ 


tcLZ 


A 

. 05V 

Kt 


y ^ D.sv”" 


-• tcZH 


. 



0.5V 

1 'V ' ^ 

7^ 0.5V 


f 




tcHz n — 


Enable and Disable Time From Chip Enable 



r *DSW -H 




Access Time From Address Inputs 


WAVEFORM 2 Vo„ - 
(SI OPEN, 

S2CL0SE0) 

(NOTED 1.5V - 



Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output 
with internal conditions such that the output is high except when disabled. 

Note 2. When measuring delay times from address inputs, the chip enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip enable input, the address inputs are steady -state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t^ < 2.5 ns, tf < 2,5 ns. PRR < 1 MHz, and 

Zqut/" 
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DM 54S189/ DM74S189 














Semiconductor 


Bipolar RAMs 


DM54S200/DM74S200 256-bit read/write schottky 
memories with TR I -STATE® outputs 


general description 

The DM54S200/DM74S200 256-bit active-element 
memories are monolithic transistor-transistor logic 
(TTL) integrated circuits organized as 256 words 
of one bit each. They are fully decoded and have 
three gated memory-enable inputs to simplify 
decoding required to achieve the desired system 
organization. The memories feature PNP input 
transistors which reduce the low-level input current 
requirement to a maximum of -0.25 milliamperes, 
only one-eighth that of a normalized Series 54S/ 
74S load factor. The memory-enable circuitry is 
implemented with minimal delay times to com- 
pensate for added system decoding. 

The TRI-STATE output combines the convenience 
of an open-collector with the speed of a totem- 
pole output; it can be bus-connected to other 
similar outputs, yet it retains the fast-rise-time 
characteristics of the TTL totem-pole output. 

Write Cycle: The complement of the information 
at the data input is written into the selected 
location when all memory-enable inputs and write- 
enable input are low. While the write-enable input 
is low, the output is in the high-impedance state. 
When a number of outputs are bus-connected, this 
high-impedance output state will neither load nor 
drive the bus line, but it will allow the bus line to 


be driven by another active output or a passive 
pull-up if desired. 

Read Cycle: The stored information (complement 
of information applied at the data input during 
the write cycle) is available at the output when the 
write-enable input is high and the three memory- 
enable inputs are low. When any one of the 
memory enable inputs is high, the output will be 
in the high-impedance state. 


features 

■ Schottky-clamped for high-speed memory 

systems: 

Access from memory -enable inputs 20 ns typ 
Access from address inputs 31 ns typ 

Power dissipation 1.7 mW/bit typ 

■ TRI-STATE output for driving bus-organized 
systems and/or highly capacitive loads 

■ Fully decoded, organized as 256 words of one 
bit each 

■ Compatible with most TTL and DTL logic 
circuits 

■ Multiple memory-enable inputs to minimize 
external decoding 


block and connection diagrams 


Duai-ln-Line and Flat Package 




Order Nunnber DM54S200J 
orDM74S200J 
See Package 10 
Order Number DM74S200N 
See Package 1 5 
Order Number DM54S200W 
or OM74S200W 
See Package 28 
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DM54S200/DM74S200 



DM54S200/DM74S200 


absolute maximum ratings (Note i) operating conditions 






MIN 

MAX 

UNITS 

Supply Voltage, Vqc 


7.0V 

Supply Voltage (Vcc) 




Input Voltage 


5.5V 

DM54S200 

4.5 

5.5 

V 

Output Voltage 


5.5V 

DM74S200 

4.75 

5.25 

V 

Storage T emperatu re Range -65° C to + 1 50° C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Temperature (T/\) 
DM54S200 

-55 

+125 

°c 




DM74S200 

0 

+70 

°c 


recommended operating conditions 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

High Level Output Current (Iqh) 






DM54S200 




-2-0 

mA 

DM74S200 




-5.2 

-mA 

Low Level Output Current (Iql) 

i 



. 16 

mA 

Width of Write Enable Pulse (t^) 






DM54S200 


50 



ns 

DM74S200 

■ ■ 1 

40 



ns 

Setup Time (tsETUp) 






Address to Write Enable 


0 



ns 

Data to Write Enable 


0 



ns 

Memory Enable to Write Enable 


0 



ns 

Hold'Time (Ihold) 






Address from Write Enable 


10 



ns 

Data from Write Enable 


10 



ns 

Memory Enable from Write Enable 


0 



ns 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

High Level Input Voltage (V,h) 


2.0 



V 

Low Level Input Voltage {V|l.) 




0.8 

V 

Input Clamp Voltage (Vi) 

Vcc - Min, l| = -18 mA 



- 1.2 

V 

High Level Output Voltage (Vqh ) 

Vcc = Min, V,H = 2,0V, 
V,c = 0.8V, loH = Max 

2.4 



V 

Low Level Output Voltage (Vql) 

Vcc = Min, V,H = 2.0V DM54S200 



0.5 



V,L = 0.8V, Iql = Max DM74S200' 



0.45 


Off State (High Impedance State) 

Vcc = Max, V,H = 2.0V 





Output Current (l.ocoFF)) 

Vo = 2.4V 



50 

^A 


Vo = 0.5V 



-50 

pA 

Input Current at Maximum Input 
Voltage (1| ) 

Vcc = Max, V, = 5.5V 



1.0 

mA 

High Level Input Current (I|h) 

Vcc = Max, V, = 2.7V 



25 

pA 

Low Level Input Current (Iil) 

Vcc = Max, V, = 0.5V 



-250 

pA 

Short Circuit Output Current (Iqs) 
(Note 3) 

Vcc = Max 

-30 


-100 

mA 

Supply Current (Ice) 

Vcc = Max (Note 5) 


87 

130 

mA 
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switching characteristics AII Typical values are at Vcc = 5.0V, Ta = 25“c. (Note 2) 



PARAMETER 

PARAMETER 

TEST 

DM54S200 1 

DM74S200 1 

UNITS 


CONDITIONS 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

I^PLH 

Propagation Delay Time, 
Low to High Level Output 

Access Time from 
Address 



33 

70 


33 

50 

ns 

tpHL 

Propagation Delay Time, 
High to Low Level Output 

Access Time from 
Address 



29 

70 


29 

50 

ns 

^ZH 

Output Enable Time to 
High Level 

Access Times from 
Memory Enable 

Cl = 30 pF, 


21 

45 


21 

35 

ns 

tzL 

Output Enable Time to 
Low Level 

Access Times from 
Memory Enable 

Rl = 300^2 


10 

30 


10 

20 

ns 

tZH 

Output Enable Time to 
High Level 

Sense Recovery Times 
from Write Enable 



24 

50 


24 

40 

ns 

tzL 

Output Enable Time to 
Low Level 

Sense Recovery Times 
from Write Enable 



12 

50 

j 


12 

40 

ns 

tHZ 

Output Disable Time from 
High Level 

Disable Times from 
Memory Enable 



7,0 

30 " 


7.0 

20 

ns 

tLZ 

Output Disable Time from 
Low Level 

Disable Times from 
Memory Enable 

Cu = 5.0 pF 


20 

45 


20 

35 

ns 

tHZ 

Output Disable Time from 
High Level 

Disable Times from 
Write Enable 

Rl = 300S2 


13 

40 


13 

30 

ns 

tuz i 

Output Disable Time from 
Low Level 

Disable Times from 
Write Enable 


. 1 

16 

40 


16 

30 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the to +12B°C temperature range for DM54S200 and 

across the 0°C to +70°C range for the DM74S200. All typicals are given for Vqq ~ 5.0V and T/\ = +2B°C. 

Note 3: Duration of the short-circuit should not exceed one second. 

Note 4: All voltage values are with respect to network ground terminal. 

Note 5: Iqc is measured with the write enable and memory enable inputs grounded, all other inputs at 4.BV, and the output 
open. 


truth table 


ac test circuit 



INPUTS 


FUNCTION 

MEMORY 

ENABLEt 

WRITE 

ENABLE 

OUTPUT 

Write (Store 
Complement 
of Data) 

L 

L 

High Impedance 

Read 

L 

H 

Stored Data 

Inhibit 

H 

X 

High Impedance 


H = high level, L = low level, X = irrelevant 
t For memorv enable; L = all ME inputs low; 
H - one or more ME inputs high. 


Vcc 
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DM54S200/DM74S200 



switching time waveforms 




NOTE A. WAVEFORM 1 IS FOR THE OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS LOW EXCEPT WHEN DISABLED. WAVEFORM 2 IS FOR THE OUTPUT WITH INTERNAL 
CONDITIONS SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED. 

NOTE B: WHEN MEASURING DELAY TIMES FROM ADDRESS INPUTS. THE MEMORY ENABLE 
INPUTS ARE LOW AND THE WRITE ENABLE INPUT IS HIGH. 

NOTE C: WHEN MEASURING DELAY TIMES FROM MEMORY ENABLE INPUTS. THE ADDRESS 
INPUTS ARE STEADY STATE AND THE WRITE ENABLE INPUT IS HIGH. 

NOTE D: INPUT WAVEFORMS ARE SUPPLIED BY PULSE GENERATORS HAVING THE FOLLOWING 
CHARACTERISTICS: t. < 2.5 ns. t. 2.5 ns PRR : 1.0 MHz. AND 2 »..t « 50". 



National 

Semiconductor 


Bipolar RAMs 


DM54S206/DM74S206 256-bit read/write schottky 
memories with open-collector outputs 


general description 

The DM54S206/DM74S206 256-bit active-eleijient mem- 
ories are monolithic transistor-transistor logic (TTL) 
integrated circuits organized as 256 words of one bit 
each. They are fully decoded and have three gated 
memory-enable inputs to simplify decoding required to 
achieve the desired system organization. The memories 
feature PNP input transistors which reduce the low- 
level input current requirement to a maximum of 
-0.25 milliamperes, only one-eighth that of a nor- 
malized Series 54S/74S load factor. The memory- 
enable circuitry is implemented with minimal delay 
times to compensate for added system decoding. 


Write Cycle: The complement of the information at 
the data input is written into the selected location 
when all memory-enable inputs and write-enable input 
are low. While the write-enable input is low, the out- 
put is off. 


Read Cycle: The stored information (complement of 
information applied at the data input during the write 
cycle) Is available at the output when the write-enable 
input is high and the three memory-enable inputs are 
low. When any one of the memory enable inputs is 
high, the output will be off. 

features 

■ Schottky-clamped for high-speed memory systems: 

Access from memory-enable inputs 17 ns typ 
Access from address inputs 35 ns typ 

Power dissipation 1.4 mW/hwt typ 

■ Open-collector output for word expansion 

■ Fully decoded, organized as 256 words of one bit 
each 

■ Compatible with most TTL and DTL logic circuits 

■ Multiple memory-enable inputs to minimize external 
decoding 


block and connection diagrams 


Dual- In-Line and Flat Package 

ADDRESS ADDRESS 

INPUTS INPUTS 

DATA WHITE , * 

c H input enable G F 


address/ Vine* 
INPUTS E <21 decoder 


256 bit memory 
matrix ORGANIZED 
16BY1B 



Order Number DM54S206J or DM74S206J 
See Package 10 
Order Number DM74S206N 
See Package 15 

Order Number DM54S206W or OM74S206W 
See Package 28 
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DM54S206/DM74S206 



DM54S206/DM74S206 


absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage, S/qq 

7.0V 

Supply Voltage (Vqq) 




Input Voltage 

5.5V 

DM54S206 

4.5 

5.5 

V 

Output Voltage 

5.5V ■ 

DM74S206 

4.75 

5.25 

V 

Storage Temperature Range 

-65°C to +150°C 

Temperature (T/\) 
DM54S206 




Lead Temperature (Soldering, 10 seconds) 

300° C 

-55 

+125 

°c 



DM74S206 

0 

+70 

°c 


operating conditions 


PARAMETER 

CONDITIONS 

MIN 

TYP 

: 1 

MAX 

UNITS 

Low Level Output Current (Iql) 




16 

mA 

Width of Write Enable Pulse (tw) 






DM54S206 


50 



ns 

DM74S206 


40 



ns 

Setup Time (tsETUp) 






Address to Write Enable 


0 



ns 

Data to Write Enable 


0 



ns 

Memory Enable to Write Enable 


0 



ns 

Hold Time (tHOLo) 






Address from Write Enable 


10 



ns 

Data from Write Enable 


10 



ns 

Memory Enable from Write Enable 


0 



ns 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

High-Level Input Voltage (V|h) 


2 



V 

Low-Level Input Voltage (V|l) 




0.8 

V 

Input clamp voltage 

Vec “ ) 1 “ 8 mA 



-12 

V 

High-Level Output Current (Iqh) 

Vcc = Min, V,h = 2V, V,l. = 0.8V 






VoH = 2.4V 



40 

ma 


Voh = 5.5V 



100 

{jlA 

Low-Level Output Voltage (Vql) DM54S206 

Vec = Min, V,H = 2V, V|L = 0.8V, 



0.5 

V 

DM74S206 

Iql “ Max 



0.45 

Input Current at Maximum Input Voltage (l|) 

Vec = Max, V, = 5.5V 



1 

mA 

High-Level Input Current (Ijh) 

Vec = Max, V, = 2.7V 



25 

fJiA 

Low-Level Input Current (I|l) 

Vec = Max, V| = 0.5V 



-250 

fJiA 

Supply Current (Ice) 

Vec " Max, Note 2 


70 

130 

mA 
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switching characteristics 

All typical values are at Vcc = 5.0V, T* = 25°C. (Note 2) 




LIMITS 


PARAMETER 

CONDITIONS 

DM54S206 

DM74S206 

UNITS 



MIN 

typ 

MAX 

MIN 

TYP 

MAX 


Access Times from Address (tpLn) 



38 

80 


38 

60 

ns 

Access Times from Address (Iphl) 



32 

80 


32 

60 

ns 

Disable Time from Memory Enable (Tplh) 

Cl = 30 pF,Rl =30012 


21 

45 


21 

35 

ns 

Enable Time from Memory Enable (tpHL) 


13 

35 


13 

25 

ns 

Disable Time from Write Enable (Iplh) 



20 

50 


20 

40 

ns 

Sense-Recovery Time (tsp) 



14 

50 


14 

40 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the ”55°C to +125°C temperature range for DM54S206 and across the 0°C to 
+70° C range for the DM74S206. All typicals are given for Vqq - 5.0V and T/\ = +25°C. 

Note 3: All voltage values are with respect to network ground terminal. 

Note 4: Iqq is measured with the write enable and memory enable inputs grounded, all other inputs at 4.5V, and the output open. 


truth table 


ac test circuit 



INPUTS 


FUNCTION 

MEMORY 

ENABLEt 

WRITE 

ENABLE 

OUTPUT 

Write (Store 
Complement 
of Data) 

L 

L 

H 

Read 

L 

H 

Stored Data 

Inhibit 

H 

X 

■ H 


H = high level, L = low level, X = irrelevant 
^For memory enable; L = all ME inputs low: 
H = one or more ME inputs high. 


FROM 

OUTPUT 

UNDER 

TEST 



Cl includes probe and jig capacitance. 
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DM54S206/DM74S206 



switching time waveforms 


Write-Cycle 



Access (Enable) Time and Disable Time from Memory Enable 


Access Time from Address Inputs 


MEMORY 
ENABLE 
INPUTS 
(NOTE C) 


3V- 

OV 


VoH 

OUTPUT 
(NOTE A) 




ADDRESS 3V 
INPUTS 
(NOTE B) OV 

Vqh 

OUTPUT 

VoL 



Note A; Waveform shown is for the output with internal coniiitions such that the output is low except when disabled. 

Note B: When measuring delay times from address inputs, the memory-enable inputs are low and the write-enable input is high. 

Note C: When measuring delay times from memory-enable inputs, the address inputs are steady-state and the write-enable input is high. 

Note 0: Input waveforms are supplied by pulse generators having the following characteristics; t, > 2.B ns, t* < 2.5 ns. PRR < 1 MHz, and Zoiit - 50' 2. 




National 

mSm Semiconductor 


Bipolar RAMs 


DM54LS289/DM74LS289 low power 64-bif 
random access memories with open-collector outputs 


general description 

These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of 4 bits each. They are fully 
decoded and feature a chip enable input to simplify 
decoding required to achieve the desired system organi- 
zation. This device is implemented with low power 
Schottky technology resulting in one-fifth power while 
retaining the speed of standard TTL. 

The open-collector outputs are ideal for controlled- 
irtipedance bus lines. 

The unique functional capability of the DM54LS289 
outputs being at a high during writing combined with 
the data inputs being inhibited during reading means 
that both data inputs and outputs can be connected to 
the data lines of a bus-organized system without the 
need for interface circuits. 

Write Cycle: The complement of the information at 
the data input is written into the selected location 
when both the chip-enable input and the read/vvrite 


input are low. While the read/write input is low, the 
outputs are in the high-logic level (OFF). 

Read Cycle: The stored information {complement of 
information applied at the data inputs during the write 
cycle) is available at the outputs when the read/write 
input is high and the chip-enable is low. When the chip- 
enable input is high, the outputs are high (OFF). 

features 

■ Schottky-clamped for high speed applications 

Access from chip enable input— 40 ns typ 
Access from address inputs— 60 ns typ 

■ Open-collector outputs for controlled-impedance 
bus lines 

■ DM54LS189/DM74LS189are functionally equivalent, 
but have TRI-STATE® outputs 

■ DM54LS289 is guaranteed for operation over the full 
military temperature range of-55°C to +125°C 

■ Compatible with most TTL and DTL logic circuits 

■ Chip enable input simplifies system decoding 


connection diagram 


truth table 


Oual-tn-Line and Flat Package 


DATA DATA 

INPUT OUTPUT INPUT OUTPUT 




SELECT CHIP READ/ DATA OUTPUT DATA OUTPUT GND 

INPUT A ENABLE WRITE INPUT Y1 INPUT Y2 


CHIP READ/ OUTPUT 
ENABLE WRITE 


(Store Complement of Data) 


H == high level 
L = low level 
X = don't care 



Order Number DM54LS289J or DM74LS289J 
See PaCkige 10 
Order Number OM74iS289N 
See Package 15 
Order Number DM54LS289W 
See Package 28 
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DM54LS289/DM74LS289 


absolute maximum ratings (NoteD 


Supply Voltage, Vqq 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range — 65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 


operating conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcq) 

DM54LS289 

4.5 

5.5 

V 

DM74LS289 

4.75 

5.25 

V 

Temperature (T/^) 

DM54LS289 

55 

+125 

°c 

DM74LS289 

0 

+70 

°c 


electrical characteristics 

Over recommended operating free-air temperature range (unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 



MAX 

UNITS 

V|H 

High Level Input Voltage 


mm 



V 

V|L 

Low Level Input Voltage 





V 

Vqh 

High Level Output Voltage 

Vcc Min 

IqH = -2 mA 

wm 







mm 




VOL 

Low Level Output Voltage 

Vcc ~ Min 

|QL = 4mA DM54LS289 







IOL = 8mA DM74LS289 




V 


High Level Input Current 

Vcc = Max, V| = 2.7 



■i 

mA 


High Level Input Current at Maximum Voltage 

Vcc = Max, V| = 5.5V 



■a 

mA 

•IL 

Low Level Input Current 

Vcc = Max, V| = 0.45V 



-100 

juA 

•cc 

Supply Current (Note 5) 

Vcc = Max 



29 

mA 

V|C 

Input Clamp Voltage 

Vcc " Min, l| = -18 mA 



-1.2 

V 
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switching characteristics 









Over recommended operating ranges of Ta and Vcc (unless otherwise noted) 











DM54LS289 

DM74LS289 






Q2ISD 



IjQillQ 



tAA Access Times From Address 



60 

110 




ns 

tCZH Output Enable Time to 
High Level 

Access Times From 



40 

90 


40 

70 

ns 

tCZL Output Enable Time to 
Low Level 

Chip Enable 

Cl = 30pF, Rl= 1 kS7, 

■ 

■ 



40 

70 

ns 

twZH Output Enable Time to 
High Level 

Sense Recovery Times 



H 



60 

90 

ns 

tyvZL Output Enable Time to 
Low Level 

From Read/Write 



m^m 

no 



90 

ns 

tCHZ Output Disable Time 
From High Level 

Disable Times From 



H 



40 

70 

ns 

tcLZ Output Disable Time 
From Low Level 

Chip Enable 

Cl = 5pF, RL= 1 kfi. 





40 

70 

ns 

tWHZ Output Disable Time 
From High Level 

Disable Times From 



40 



40 


ns 

twLZ Output Disable Time 
From Low Level 

Read/Write 



40 



40 



t\rt/P Width of Write Enable Pulse {Read/Write Low) 





■■ 



ns 

f ASW Set-Up Time 

Address to Read/Write 


0 



0 




tDSW 

Data to Read/Write 





80 



ns 

tcsw 

Chip Enable to 
Read/Write 


0 



0 



*AHW Hold Time 

Address From Read/Write 


0 



0 




tDHW 



0 



0 



ns 

tcHW 



0 



0 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot b6 guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DM54LS289 and across the 0° C 
to -!-70°C range for the DM74LS289. Ah typicals are given for Vqq = 5V and Ta = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: is measured with all inputs grounded, and the outputs open. 
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DM54S289/DM74S289 


Semiconductor 


Bipolar RAMs 


DM54S289/DM74S289 64-bit random access memories 
with open -collector outputs 


general description 

These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) 
arrays organized as 16 words of four-bits each. They are 
fully decoded and feature a chip-enable input to simplify 
decoding required to achieve the desired system organi- 
zation. The memories feature PNP input transistors that 
reduce the low level Input current requirement to a 
maximum of -0.25 mA, only one-eighth that of a 
DM54S/DM74S standard load factor. The chip-enable 
circuitry Is implemented with minimal delay times to 
compensate for added system decoding. 


Write Cycle: The complement of the Information at 
the data input is written into the selected location 
when both the chip-enable input and the read/write 
input are low. While the read/write input is low, the 
outputs are in the high-logic level {"OFF"). 


Read Cycle; The stored information (complement of 
information applied at the data inputs during the write 
cycle) is available at the outputs when the read/write 
Input is high and the chip-enable is low. When the chip- 
enable input is high, the outputs are high ("OFF"). 


The fast access time of the DM54S289 makes it parti- 
cularly attractive for implementing high-performance 
memory functions requiring access times on the order 
of 25 ns. The unique functional capability of the 
DM54S289 outputs being at a high during writing 
combined with the data inputs being inhibited during 
reading means that both data inputs and outputs can be 
connected to the data lines of a bus-organized system 
without the need for interface circuits. 

features 

■ Schottky-clamped for high-speed applications: 

Access from chip-enable 12nstyp 

Access from address inputs 25 ns typ 

■ Open collector outputs for controlled-impedance 
bus lines 

■ DM54S1 89/DM 74S 189 are functionally equivalent, 
but have TRI-STATE® outputs 

■ DM54S289 is guaranteed for operation over the full 
military temperature range of -55°C to +1 25°C 

■ Compatible with most TTL and DTL logic circuits 

■ Chip-enable input simplifies system decoding 

■ Compatible with Intel 31 01 A in most applications 


connection diagram 


truth table 


Ouai-in-Line Package 


DATA DATA 

INPUT OUTPUT INPUT OUTPUT 



SELECT CHIP READ/ DATA OUTPUT DATA OUTPUT GND 

INPUT A ENABLE WRITE INPUT Y1 INPUT Y2 


Order Number DM54S289J or OM74S289J 
See Package 10 
Order Number DM74S289N 
See Package 15 


CHIP READ/ OUTPUT 
ENABLE WRITE 



(Store Complement of Data) 


H = High Level 
L = Low Level 
X = Don't Care 
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absolute maximum ratings operating conditions 


MIN MAX UNITS 

Supply Voltage, Vcc ’ 7.0V Supply Voltage (Vqc) 

Input Voltage 5.5V DM54S289 4.5 5.5 V 

Output Voltage 5.5V DM74S289 4.75 5.25 V 

Storage Temperature Range -65°C to +150°C Temperature (T a) 

Lead Temperature (Soldering, 10 seconds) 300°C DM54S289 -55 +125 °C 

DM74S289 0 +70 °C 

elGCtriCSl chdrscteristics over recommended operating free-air temperature range 
(unless otherwise noted) (Notes 2 and 3) 

PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 

V|H High Level Input Voltage 


2 



V 

V|L Low Level Input Voltage 




0.8 

HUH 

Iqh High Level Output Current 

Vec = Min 

Voh=2.4V 



40 


Voh=5.5V 



100 

Vql Low Level Output Voltage 

~ Min, Iql "" rnA 

DM54S289 



0.5 

V 

DM74S289 



0.45 

I|H High Level Input Current 

Vec = Max, V, = 2.7 



25 

mA 

l| High Level Input Current at Maximum Voltage 

Vec = Max, V, = 5.5V 



1.0 

mA 

l|L Low Level Input Current 

Vec = Max, V, = 0.45V 



-250 

juA 

Ice Supply Current 

Vec ~ Max (Note 4) 



105 

mA 

V|c Input Clamp Voltage 

Vec = Min, l| = -18 mA 


Ezi: 

-1.2 

V 


switching characteristics over recommended operating ranges of and Vcc 
(unless otherwise noted) 


PARAMETER 

CONDITIONS 

1 DM54S289 | 

DM74S289 

UNITS 


TYP(1) 

MAX 



UIQI 

fAA 

Access Times From 
Address 

Cl = 30 pF, Rli = 300^, 
Rl 2 = 600U, (Figure 1J 


25 

50 


H 

35 

ns 

fCHL Enable Time From 

Chip Enable 



12 

25 

■ 

■ 

■ 

ns 

^WHL Enable Time From 
Read/Write 

Sense Recovery Time 
From Read/Write 

■ 



■ 


■ 

ns 

tcLH Disable Time From 

Chip Enable 


■ 

■ 



H 

■ 

ns 

tvvp Width of Write Enable Pulse (Read/Write Low) j 


o 



wm 



ns 

Iasw Set-Up Time (Figure 1) 
fosw 

'tesw ■ ■ , , . 

Address to ReadA/Vrite 

° 



1 0 1 



ns 

Data to Read/Write 

m 



■1 



Chip-Enable to 
Read/Write 




0 



tAHW Hold Time (Figure 1) 

tpHW 

tCHW 

Address From Read/Write 

0 



0 



ns 

Data From Read/Write 

0 



0 



Chip-Enable From 
Read/Write 

0 



0 

■ 



Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the — 55°C to +1 25° C temperature range for the DM54S289 and across the 0° C to 
+70° C range for the DM74S289. All typicals are given for Vcc “ 5.0V and Ta “ 25°C. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4 : Iqq is measured with all inputs grounded, and the outputs open. 
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DM54S289/DM74S289 


switching time waveforms 


CHIP ENABLE 
INPUT 
(SEE NOTE 3) 


WAVEFORM 1 
(SEE NOTE 1) 



Enable and Disable Time From Chip Enable 



ADDRESS 

INPUTS 


DATA 

INPUTS 


CHIP-ENABLE 

INPUT 


READAVRITE 

INPUT 


WAVEFORM 1 
(NOTED 



Access Time From Address Inputs Write Cycle 

FIGURE 1 


Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. 

Note 2: When measuring delay times from address inputs, the chip enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip enable input, the address inputs are steady state and the read/write Input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t^ < 2.5 ns, tf < 2.5 ns, PRR < 1 MHz and 

Zqut 500. 


block diagram 


ac test circuit 


ADDRESS 

INPUTS 



Y1 Y2 Y3 Y4 


OUTPUTS 
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Semiconductor 


Bipolar RAMs 


DM85S68 64-bit (16><4) edge triggered register 
general description features 


The DM85S68 is an addressable "D" register file. Any of 
its 16 four-bit words may be asynchronously read or 
may be written into on the next clock transition. An 
input terminal is provided to enable or disable the 
synchronous writing of the input data into the location 
specified by the address terminals. An output disable 
terminal operates only as a TRI-STATE® output control 
terminal. The addressable register data may be latched at 
the outputs and retained as long as the output store 
terminal is held in a low state. This memory storage 
condition is independent of the state of the output 
disable terminal. 

All input terminals are high impedance at all times, and 
all outputs have low impedance active drive logic states 
and the high impedance TRI-STATE condition. 


On chip output register 


Edge triggered write 


High speed 


TR I -STATE output 


30 ns typ 


■ Optimized for register stack applications 


Typical power dissipation 


18-pin package 




Order Number DM85S68D 
See Package 4 
Order Number DM85S68N 
See Package 16 
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DM85S68 


absolute maximum ratings (Note 1) 

Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 

MIN MAX 

Supply Voltage* Vqc 4.75 5.25 

Temperature, T/\ 0 70 


UNITS 

V 

°c 


electrical characteristics 

over recommended operating free-air temperature range (unless otherwise noted) (Notes 2 and 3) 






1 LIMITS 








MAX 


V,H 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

I 

O 

> 

High Level Output Voltage 

I ^cc ~ Min# 

Iqh 5,2 mA 1 

2.4 



V 

VoL 

Low Level Output Voltage 

1 Vcc = Min, Iql “ 16 mA 


' 


V 

l|H 

High Level Input Current 

Vcc = Max, 

Clock Input 



50 

ma 



V,H =2.4V 

All Others 



25 

l| High Level Input Current at Maximum Voltage | 

1 Vcc = Max, V,H = 5.5V 



1.0 

mA 

•iL 

Low Level Input Current 

Vcc = Max, 

Clock Input 



BSsB 

/uA 



V,L =0.5V 

All Others 




mA 

•os 

Short Circuit Output Current(4) 

Vcc - Max, Vql = OV 

-20 


IBH 

mA 

•cc 

Supply Current 

Vcc = Max 


70 

100 


V|C 

Input Clamp Voltage 

Vcc ~ Min, l|jvj = “18 mA 



-1.2 


•02 

TRI-STATE Output Current 


Vo = 2.4 V 



+40 

■■ 



Vcc “ 

Vo = 0.5V 



-40 


switching characteristics over recommended operating range of and V^c (unless otherwise noted) 


parameter 

MIN 

TYP 

MAX 

UNITS 

tZH 

Output Enable to High Level 


20 

35 

ns 

tZL 

Output Enable to Low Level 


14 

24 

ns 

tHZ 

Output Disable Time From High Level 


10 

15 

ns 

tLZ 

Output Disable Time From Low Level 


12 

18 

ns 

tAA 

Access Time 

Address to Output 


30 

40 


lOSA 


Output Store to Output 


20 

30 

ns 

tCA 


Clock to Output 


25 

40 


Iasc 

Set-Up Time 

Address to Clock 

15 

5 



fpsc 


Data to Clock 

5 

5 



tASOS 


Address to Output Store 

30 

0 



tWESC 


Write Enable Set-Up Time 

5 

15 



tossc 


Store Before Write (tio) 

10 

0 



tAHC 

Hold Time 

Address From Clock 

10 

5 



IpHC 


Data From Clock 

15 

5 


ns 

Iahos 


Address From Output Store 

5 

0 



IWEHC 


Write Enable Hold Time 

15 

5 




Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DM85S68. All typicals are given for Vqq = 5.0V 
andT/\ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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typical applications 


The DM85S68 can enhance the dynamic performance of 
a TTL processor, since it may safely operate using single 
phase clocking instead of the multiphase clocking systems 
being used currently. This simple feature not only en- 
hances the system's dynamic performance, since multi" 
pie levels of registers need not be activated, but also 
reduces component count by elimination of one set of 
buffer registers. For example, note the simplicity of 
register file/ALU loop shown in F/lgfi/re /, 


In a four-bit slice with zero delay within the arithmetic- 
logic unit, a level-triggered memory with buffering to 
prevent logic oscillation requires about 80 ns to rnake 
the loop with a 30 ns delay in the ALU, the system speed 
is 110 ns. 


CONTROL CP 
INPUTS m'u;, 


ALU 

FUNCTION SI 
SELECT INPUTS 



truth table 


Od We CLK Os 


FIGURE 1.4-Bit Register ALU 


Output Store Data From Last Addressed Location 
Write Data Dependent on State of OD and OS 

Read Data Data Stored in Addressed Location 

Output Store High Impedance State 
Output Disable High Impedance State 
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DM85S68 


ac test circuit and switching time waveforms 


s.ov 



Ct = 5.0 pF for Ihz, ttz 
Cl = 30 pF for ail others 
Cl includes probe and jig capacitance 
All diodes are 1N3084 


Write Cycle 


Read Cycle 



FIGURE 2. Clock Set-Up and Hold Time 



FIGURE 4. Address to Output Access Time 



FIGURE 5. Output Store Access, Set-Up and Hold Time 


DISABLE 

r~ 

^ 

il^f.SV 

\ 

I 

1 

1 

1 

1 

1 

1 

1 

! 

1 

Ltcz-*" 

1 


data y 

A 

OUTPUT 

O.SV 

1 

* 

"Nh, 0.5V 

AT 

WRITE / 

CLOCK Vl 1 

- 

0.5V 

r 



V' 1.SV ! 

OUTPUTS 1.5V it 

^tHZ— 1 


— tzH^l ^ 


FIGURE 3. Clock to Output Access FIGURE 6. Output Disable and Enable Time 


Note; Input waveforms supplied by pulse generator having the following characteristics: V = 3.0V, tp < 2.5 ns, 
PRR < 1 .0 MHz and ZquT = 50M 
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National 

Semiconductor 


Bipolar RAMs 


DM7599/DM8599 TRI-STATE® 

64-bit random-access read/write memory 


general description 

The DM7599/DM8599 is a fully decoded 64-bit 
RAM organized as 16 4-bit words. The memory 
is addressed by applying a binary number to the 
four Address inputs. After addressing, information 
may be either written into or read from the 
memory. To write, both the Memory Enable and 
the Write Enable inputs must be in the logical "0" 
state. Information applied to the four Write inputs 
will then be written into the addressed location. 
To read information from the memory the Mem- 
ory Enable input must be in the logical "0" state 
and the Write Enable input in the logical "l" state. 
Information will be read as the complement of 
what was written into the memory. When the 
Memory Enable input is in the logical "l" state, 
the outputs will go to the high-impedance state. 
This allows up to 128 memories to be connected 
to a common bus-line without the use of pull-up 


resistors. All memories except one are gated into 
the high-impedance while the one selected mem- 
ory exhibits the normally totem-pole low imped- 
ance output characteristics of TTL. 

features 

■ Series 54/74 compatible 

■ Same pin-out as SN5489/SIM7489 

■ Organized as 16 4-bit words 

■ Expandable to 2048 4-bit words without addi- 
tional resistors (DM8599 only) 

■ Typical access from chip enable 20 ns 

■ Typical access time 28 ns 

■ Typical power dissipation 400 mW 



connection diagram truth table 


Oual-lti-Line Package 



Order Number DIVI7599J 
or DIVI8S99J 
See Package 10 
Order Number OM8599N 
See Package 15 


MEMORY 

ENABLE 

WRITE 

ENABLE 

OPERATION 

OUTPUTS 

0 

0 

Write 

Hi-Z State 

0 ■ 

1 

Read 

Complement of Data 
Stored in Memory 

1 


Hold 

Hi-Z State 
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absolute maximum ratings (Note i) 

Supply Voltage 7 

Input Voltage 5.5 

Output Voltage 5.5 

Time that two bus-connected devices may be in 

opposite low impedance states simultaneously Indefini 


Storage Temperature Range 
Operating Temperature Range 
DM7599 
DM85gg 

Lead Temperature (Soldering, 10 sec) 


-65“Cto+l50°C 

-55"Cto+125°C 
0"C to +70°C 
300“C 


electrical characteristics (Note 2) 


Logical "1" Input Voltage 

DM7599 

DM8599 

Logical "0" Input Voltage 

DM7599 

DM8599 

Logical "1" Output Voltage 

DM7599 

DM8599 

Logical "0" Output Voltage 

DM7599 

DM8599 

Third State Output Current 

DM7599 

DM8599 

Logical "1" Input Current 

DM7599 

DM8599 

DM7599 

DM8599 



DM7599 


DM8599 

Output Short Circuit Current 

DM7599 

(Note 3) 

DM8599 

Supply Current 

DM7599 

DM8599 


Vcc = 4.5V 
Vcc = 4.75\ 


Vcc = 4.5V 


MIIM TYP MAX 


2.0 



Input Clamp Voltage 


DM7599 Vcc = 4.5V 
DM8599 Vcc = 4.75V 


switching characteristics (Over recommended operating ranges of Vcc ®rid T^a^) 



PARAMETER 

CONDITIONS 

tPLH 

Access Time From Address 


tpHL 


tZH 

Enable Time From Memory 

Rli = 400n, 


Enable 

R l2 “1*0 
Cl -50 pF 

tZH 

Sense Recovery Time From Write 


tZL 

Enable 





Disable Time From Memory Enable 


Address to Write 
Enable 


Data to Write 
Enable 


Memory Enable to 
Write Enable 


Address From Write 
Enable 


Data From Write 
Enable 


Memory Enable From 
Write Enable 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. Except for "Operating Temperature Range" they are not meant to imply that the 
devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions 
for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature 
range for the DM7599 and across the 0°C to 70°C range for the OM8599. All typicals are given 
for Vcc = 5.0V and Ta = 25®C. 

Note 3: Only one output at a time should be shorted. 




16 

30 


20 

35 


20 

35 


35 

55 


10 

25 


14 

30 

0 

-14 


0 

-15 
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typical perfornnarice curves 


Dela^ from Address to Output 


70 -Vcc = 5.0V- 

60 . I 


-75 -50 -Z5 0 25 50 75 JOO 125 

TEMPERATURE (“0 


Delay From Memory Enable To 
High Impedance State 


Vc 

c = 5 

-OV 




























_tL 

,2 




- 



c 


__tn 












r~ 






-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE rc) 


Delay from Memory Enable to 
Low Impedance State 



-75 -SO -25 0 25 50 75 100 125 

TEMPERATURE rC) 


Minimum Write Pulse Width 




Vcc = 

T 

•OV 


























*WP 





































-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE rC) 


Sense Recovery Time 

I Vcc = s!0V I I 1 










tzL 




tzH 






-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE rC) 


Delay from Enable to Output 
vs Load Capacitance 



SO 100 500 

Cl IpF) 


test circuit 



Note: In a typical application the output of the TRI- 
STATE memories might be wired together and one 
would be switching to the low impedance state at the 
same time the circuit previously selected would be 
switching back into the high impedance state. The 
measurements of delay versus load capacitance were 
made under conditions which simulate actual operating 
conditions in an application. (See test circuit.) 


Test Circuit for Delay vs Load Capacitance 
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DM7599/DM8599 


ac test circuit 


UNDER 

TEST 

— P < 

> Rl2 ^ 


4 

> 1.0k 

1 


C|. includes probe and jig capacitance. 
All diodes are 1 N3064. 


switching time waveforms 


ADDRESS 
INPUT 
(SEE NOTE B) 


/ 



WAVEFORM 2 
(SEE NOTE A) 



WAVEFORM 2 
(SEE NOTE A) 


Note A: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with 
internal conditions such that the output is high except when disabled. 

Note B: When measuring delay times from address inputs, the memory enable input is low and the write enable input is high. 

Note C: When measuring delay times from memory enable input, the address inputs ate steady-state and the write enable input is high. 

Note D. Input waveforms are supplied by pulse generators having the following characteristics; t, < 10 ns, tf < 10 ns, PRR <1.0 MHz, and Zqut 50n. 
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^National 
id SemiconductDr 


DM93415, DM93415A TTL 1024 x i-bit 
fully decoded random access memories 


general description 

The DM93415 and DM934 15A are 1024-bit read/write 
Random Access Memories organized 1024 words by 
1 -bit. They are designed for buffer control storage and 
high performance main memory applications. The 
devices have typical access times of 40 ns for the 
DM93415 and 30 ns for the DM934 15 A. 

The DM93415 and DM93415A include full decoding 
on-chip, separate data input and data output lines and 
an active low chip select. They are fully compatible 
with standard DTL and TTL logic families and have an 
uncommitted collector output for ease of memory 


features 

■ Uncommitted collector output 

■ TTL inputs and output 

■ Non-inverting data output 

■ Organized 1024 words by 1 -bit 

■ Typical read access time 

DM9341 5A commercial— 30 ns 
DM93415 commercial— 40 ns 
DM93415 military— 40 ns 

■ Chip select access time— 15 ns typ 

■ Power dissipation-0.5 mW/bit typ 

■ Power dissipation decreases with increasing tempera- 


logic diagram 


connection diagram 


Dual-ln-Line Package 



Vcc = pin 16 
GND = pin 8 




Order Number DM934 15 J 
or DM9341 5 AJ 
See Package 10 


logic symbol 


Pin Description 


AO— A9 Address I npu ts 

WE Write Enable 

D||\| Data Input 

DouT Oats Output 
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DM93425, DM93425A 


Bipolar RAIVIs 


DM93425, DM93425A TTL 1024 x 1-bit 
fully decoded random access memories 


general description 

The DM93425 and DM93425A are 1024-bit read/write 
Random Access Memories organized 1024 words by 
1 -bit. They are designed for buffer control storage and 
high performance main memory applications. The 
devices have typical address access times of 40 ns for the 
DM93425 and 30 ns for the DM93425A. 

The DM93425 and DM93425A include full decoding 
on-chip, separate data input and data output lines and 
an active low chip select and write enable. They are 
fully compatible with standard DTL and TTL logic- 
families. A TRI-STATE® output is provided to drive 
bus organized systems and/or highly capacitive loads. 


features 

■ TRI-STATE output 

■ Organized 1024 words by 1 -bit 

■ TTL inputs and output— full 16 mA drive capability 

■ Typical read access time 

DM93425A commercial— 30 ns 
DM93425 commercial— 40 ns 
DM93425 military— 40 ns 
■ . Chip select access time— 1 5 ns typ 
• Non-inverting data output 

■ Power dissipation— 0.5 mW/bit typ 

■ Power dissipation decreases with increasing tempera- 
ture 


logic diagram^ 


connection diagram 


Dual-ln-Line Package 


SENSE AMPS 
AND WRITE 
DRIVERS 


|2|3j4|5|6 js |l0 |l1 pzjTa 
AO A1 A2 A3 A4 A5 A6 A7 A8 A9 


Vcc I® 

GND = pin 8 




TOP VIEW 

Order Number DM93425J 
or DM93425AJ 
See Package 10 


logic symbol 


Pin Description 

Chip Select 

AO— A9 Address Inputs 

WE Write Enable 

D||\| Data Input 

□out *^3^3 Output 


AO 

CS D)n wE 

A1 


A2 


A3 


A4 


AS 


A6 


A7 


A8 


A9 

dqut 
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National 

Semiconductor 


CMOS RAMs 


MM54C89/MM74C89 64-bit TRI-STATE® random access 
read/write memory 

general description 


The MM54C89/MM74C89 is a 16-word by 4-bit 
random access read/write memory. Inputs to the 
memory consist of four address lines, four data 
input lines, a write enable line and a memory 
enable line. The four binary address inputs are 
decoded internally to select each of the 16 possible 
word locations. An internal address register, latches 
the address information on the positive to negative 
transition of the memory enable input. The four 
TR I -STATE® data output lines working in con- 
junction with the memory enable input provides 
for easy memory expansion. 

Address Operation: Address inputs must be stable 
Isa fQ tbe p ositive to negative transition 

of memory enable. It is thus not necessary to 
hold address information stable for more than 
tHA after the memory is enabled (positive to 
negative transition of rnemory enable). 

Note: The timing Is different than the DM7489 in 
that a positive to negative transition of the memory 
enable must occur for the memory to be selected. 

Write Operation: Information present at the data 
inputs is written into the memory at the selected 


addres s by bringing write enable and memory 
enable low. 

Read Operation: The complement of the informa- 
tion which was written into the memory is non- 
destructively read out at the four outputs. This is 
accomplished by selecting the desired address and 
bringing memory enable low and write Enable 
high. 

When the device is writing or disabled the output 
assumes a TRI-STATE (Hi-z) condition. 


features 

■ Wide supply voltage range 

■ Guaranteed noise margin 

■ High noise immunity 

■ Low power TTL 
compatibility 

■ Input adciVess register 

m Low power consumption 


3.0V to 15V 
1.0V 
0.45 Vcc typ 
fan out of 2 
driving 74L 


Fast access time 
TRI-STATE output 


TOO nW/package typ 
@ Vcc = 5V 
130 ns typ at Vcc “ 


logic and connection diagrams 
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MM54C89/MM74C89 


absolute maximum ratings 

Voltage at Any Pin -0.3V to Vqc + 0.3V 


Voltage at Any Pin 
Operating Temperature Range 
MM54C89 
MM74C89 

Storage Temperature Range 

Package Dissipation 

Operating Vcc Range 

Absolute Maximum Vcc 

Lead Temperature (Soldering. 10 seconds) 


-55 C to +125 C 
— 40°C to +85°C 
-65°C to +150°C 
500 mW 
3.0V to 15V 
18V 
300°C 


dc electrical characteristics 

Min/max limits apply across temperature range, unless otherwise noted. 


PARAMETER 

CONDITIONS 

— 

MIN 

TYP 

MAX UN 

1 CMOS TO CMOS 


Logical "1" Input Voltage (V,n(d) 

Vcc = 5.0V 

3.5 




Vcc = 10V 

8.0 



Logical "0" Input Voltage (V|n(o)) 

Vcc = 5.0V 



1.5 


Vcc = lOV 



2.0 

Logical "1" Output Voltage 

Vcc = 5.0V. lo =-l0//A 

4.5 



(VouTd)) 

Vcc = 10V, lo =-10 mA 

9.0 



Logical "0" Output Voltage 

Vcc = 5.0V, Iq =+10/iA 



0.5 

IVoUT(O)) 

Vcc = 10V.lo =+10 a/A 



1.0 

Logical “1" Input Current (Iin(d) 

Vcc = 15V, V,N = 15V 


0.005 

1.0 A 

Logical "0" Input Current {Iin(o)I 

Vcc = 15V, V,N =0V 

-1.0 

-0.005 

A 

Output Current in High Impedance 

Vcc = 15V, Vo = 15V 


0.005 

1.0 A 

State 

Vcc = 15V,Vo=0V 

-1.0 

-0.005 

A 

Supply Current dec) 

Vcc = 15V 


0.05 

300 A 


CMOS/LPTTL INTERFACE 


Logical “1" Input Voltage (V,N(iy) 

54C, Vcc = ■^•5V 

u 

u 

> 




74C, Vcc = 4.75V 

Vcc -1.5 



Logical "0" Input Voltage (V,n(q,) 

54C, Vcc = 4.5V 



0.8 


74C, Vcc = 4.75V 



0.8 

Logical "1" Output Voltage 

54C, Vcc =" 4.5V, lo = -360 axA 

2.4 



(VouTd)) 

74C, Vcc = 4.75V, Iq = -360ajA 

2.4 



Losica! "0" Output Voltage 

54C, Vcc = 4.5V, lo = +360/iA 



0.4 

(VouT(O)) 

74C, Vcc = 4.75V, lo = +360 axA 



0.4 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


Output Source Current (Isource) 
(P-Channel) 

Vcc = 5.0V, VouT = OV 
Ta = 25°C 

-1.75 

-3.3 


rr 

Output Source Current ( Isource) 
(P-Channel) 

Vcc = 10V,VouT =0V 
Ta = 25°C 

-8.0 

-15 


rr 

Output Sink Current Hsink ) 
(N-Channel) 

Vcc = 5.0V. VouT = Vcc 

Ta = 25“C 

1.75 

3.6 


rr 

Output Sink Current Osink) 
(N-Channel) 

Vcc-10V,VouT -Vcc 
Ta = 25'’C 

8.0 

16 


rr 


ac electrical characteristics (Ta = 25°C, Cl = 50 pF, unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNI1 

Propagation Delay from Memory Enable 

Vcc = 5.0V 


270 

500 

ns 

(tpd) 

Vcc = 10 V 


100 

220 

ns 

Access Time from Address Input (tgee) 

Vcc = 5.0V 


350 

650 

ns 


Vcc = 10V 


130 

280 

ns 

Address Input Setup Time (Isa) 

Vcc = 5.0V 

150 



ns 


Vcc = 10V 

60 



ns 

Address Input Hold Time (tnA) 

Vcc = 5.0V 

60 



ns 


Vcc = 10V 

40 



ns 

Memory Enable Pulse Width (Ime) 

Vcc.= 5.0V 

400 

250 


ns 


Vcc = 10V 

150 

90 


ns 

Memory Enable Pulse Width (tjCfE ) 

Vcc = 5.0V 

400 

200 


ns 


Vcc = 10V 

150 

70 


ns 
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ac electrical characteristics (con't) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT! 

Write Enable Setup Tinne for a Read 

Vcc'B.OV 

0 



ns 

(tsp) 

Vcc = 10V 

0 



ns 

Write Enable Setup Time for a Write 

Vcc = 5.0V 



^ME 

ns 

(tws) 

Vcc = 10V 



Ime 

ns 

Write Enable Pulse Width (t^) 

Vcc = B.OV, tws = 0 

300 

160 


ns 


Vcc = 10V. tws = 0 

100 

60 


ns 

Data Input Hold Time (tHo) 

Vcc = B.0V 

50 



ns 


Vcc = 10V 

25 



ns 

Data Input Setup (tso) 

Vcc = B.OV 

50 



ns 


Vcc = 10V 




ns 

Propagation Delay from a Logical "1" 

Vcc = B.OV, Cl = B.O pF, Rl = 10k 


180 

300 

ns 

or Logical "0" to the High Impedance 
State from Memory Enable (t|H , toH ) 

Vcc = 10V, Cl^B.O pF, RL = 10k 


85 

120 

ns 

Propagation Delay from a Logical "I" 

Vcc = 5.0V, Cl = 5.0 pF, Rl = 10k 


180 

300 

ns 

or Logical "0" to the High Impedance 
State from Write Enable (t,H , ton ) 

Vcc = 10V, Cl = B.O pF, Rl = 10k 


85 

120 

ns 

Input Capacity (C|n) 

Any Input (Note 2) 


5.0 


pF 

Output Capacity (Co ut) 

Any Output (Note 2) 


6.5 


pF 

Power Dissipation Capacity (Cp^) 

(Note 3) 


230 


pF 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. 
Except for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table 
of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Gpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN-90. 


truth table 


ME 

WE 

OPERATION 

CONDITION OF OUTPUTS 

L 

L 

Write 

TRI -STATE 

L 

H 

Read 

Complement of Selected Word 

H 

L 

Inhibit, Storage 

TRI-STATE 

H 

H 

Inhibit, Storage 

TRI -STATE 



ac test circuits 



switching time waveforms 

^OH 


tiAtA 

fllJIfuT 



tiH 





















National 

Semiconductor 


CMOS R AMs 


MM54C200/MM74C200 256 bit TRI-STATE® 


random access read/write memory 
general description 

The MM54C200/MM74C200 is a 256-bit random 
access read/write memory. Inputs consist of eight 
address lines, a data input line, a write enable 
line, and three chip enables. The eight binary 
address inputs are decoded internally to select 
each of the 256 locations. An internal address 
register, latches and address information on the 
positive to negative edge of 1 ^ 3 . The TRI- 
STATE data output line working in conjunction 
with CEi or CI 2 inputs provides for easy memory 
expansion. 


Read Operation: The data is read out by selecting 
the proper address and bringing ^3 low and write 
enable high. Holding or ^2 o'" ^3 af a 
high level forces the output into TR I -STATE. 
When used in bus organized systems, , or ”^ 2 ' 
a TRI-STATE control, provides for fast access 
times by not totally disabling the chip. 

Write Operation: Data is written into the memory 
with CE 3 low and write enable low. The state of 
CEt or CE 2 has no effect on the write cycle. The 
output assumes TRI-STATE with write enable low. 


Address Operation: Address Inputs must be stable 
tsA P*''or to the positive to negative transition of 
CE 3 . It is thus not necessary to hold address 
information stable for more than tnA after the 
memory is enabled (positive to negative transition). 

Note: The timing is different than the DM74200 
in that a posi tive to negative transition of the 
memory enable must occur for the memory to be 
selected. 


features 


■ Wide supply voltage range 

■ Guaranteed noise margin 

■ High noise immunity 


3.0V to 15V 
1.0V 
0.45 Vcc typ 


■ TTL compatibility fan out of 1 driving 

standard TTL 

■ Low power 500 nW typ 

■ Internal address register 


logic and connection diagrams 




Order Number MM54C200D 
or MM74C2000 
See Package 3 

Order Number MM74C200N 
See Package 15 
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MM54C200/MM74C200 


absolute maximum ratings (Notei) 





Voltage at Any Pin 
Operating Temperature Range 

-0.3V to Vec 

+0.3V 




MM54C200 

to+125°C 




MM74C200 

-40'’C to +85°C 




Storage Temperature Range 

-65°Cto+150°C 




Package Dissipation 

500 m W 




Operating V^c Range 

3.0V to 15V 




Absolute Maximum Vqc 


18V 




Lead Temperature (Soldering, 10 seconds) 

300°C 




dc electrical characteristics 





M in/max limits apply across temperature range, unless otherwise noted. 




I PARAMETER 

CONDITIONS 

MIN 

! TYP 

■ MAX 

UNITS 

I CMOS TO CMOS I 

Logical "1" Input Voltage (V,|vjc)) 

Vcc = 50V 

3.5 



V 


Vec - 10V 

8.0 



V 

Logical "0" Input Voltage (V||vj,o)) 

Vcc - 5.0V 



1.5 

V 


Vcc = 10V 



2.0 

V 

Logical "1" Output Voltage (Vcnjj(^,) 

Vcc ■ 5.0V, lo = lOpA 

4.5 



V 


Vcc ^ 10V, lo - lOpA 

9.0 



V 

Logical "0” Output Voltage (Vqu^ ,o,) 

Vcc - 5.0V, lo'-*10pA 



0.5 

V 


Vcc 10V, lo HOpA 



1.0 

V 

Logical "1" Input Current {l|Nn)) 

Vcc 15V, V,^, - 15V 


0.005 

1.0 

pA 

Logical ”0" Input Current (Iin(Q)) 

Vcc -- 15V V,N = OV 

1.0 

0.005 


pA 

Supply Current (Ice) 

Vcc = 15V 


0:10 

600 

pA 

1 CMOS/TTL INTERFACE j 

Logical "1" Input Voltage (Vif^^,) 

54C, Vcc = 4.5V 

Vcc 1-5 



V 


74C, Vcc = 4.75V 

Vcc 1-5 



V 

Logical "0" Input Voltage (V,m(oi) 

54C. Vcc = 4.5V 



0,8 

V 


74C, Vcc = 4.75V 



0.8 

V 

Logical "1" Output Voltage (Vouth)) 

54C, Vcc 4.5V, to = -1.6 mA 

2.4 



V 


74C, Vcc = 4,75V, Iq = -1.6 mA 

2.4 



V 

Logical "0" Output Voltage (Vout(O)) 

54C, Vcc = 4.5V, lo = 1.6 mA 



0.4 

V 


74C. Vcc = 4.75V, = 1.6 mA 



0.4 

V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (Isource ) 

Vcc = 5.0V, VouT = OV 

-4.0 

6.0 


mA 

(P-Channel) 

Ta = 25"C 

-1 .8 




Output Source Current Usource) 

Vcc = 10V, VouT = OV 

-16.0 

-25 


mA 

(P-Channel) 

Ta = 25°C 

-1 .50 




Output Sink Current (Isink) (N-Channei) 

Vcc -- 5.0V, VouT = Vcc 
Ta = 25°C 

5.0 

8.0 


mA 

Output Sink Current (Isink ) (N-Channe!) 

Vcc = 10V, VouT = VcG 
Ta =? 25‘’C 

20.0 

30 


mA 

ac electrical characteristics Ta = 25°c,Cl = 

50 pF, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Access Time From Address (t^cc) 

Vcc = 5.0V 


450 

900 

ns 


Vcc = 10V 


200 

400 

ns 

Propagation Delay From CE3 

Vcc = 5.0V 


360 

700 

ns 

(tpd) 

Vcc = 10V 


120 

300 

ns 

Propagation Delay From CE, or CE2 

Vcc = 50V 


250 

500 

ns 

<^pcii) 

Vcc = 10V 


85 

200 

ns 

Address Setup Time (ts^y) 

Vcc = 5.0V 

200 

80 


ns 


Vcc = 10V 

100 

30 


ns 

Address Hold Time (Iha) 

Vcc = 5.0V 

50 

15 


ns 


Vcc = 10V 

25 

5 


ns 
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ac electrical characteristics (con't) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Write Enable Pulse Width ) 

Vec = 5.0V 

300 

160 


ns 


Vec = 10 V 

150 

70 


ns 

CE 3 Pulse Widths {tee 1 

Vec = 5.0V 

400 

200 


ns 


= 10V 

160 

80 


ns 

Input Capacity (Cin I 

Any Input (Note 2) 


5.0 


pF 

Output Capacity in TRI STATE (Cour ) 

(Note 2) 


9.0 


pF 

Power Dissipation Capacity (Cp^l 

(Note 3) 


400 


pF 


Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 


Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cp^j determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN-90. 

switching time waveforms 

Read and Write Cycles Using ^3 ^2 *= 0) 
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MMS4C200/MM74C200 










MM54C910/MM74C910 


Semiconductor 


CMOS RAMS 


MM54C910/MM74C910 256 -bit TRI-STATE® 
random access read/write memory 


general description 

The MM54C910/MM74C910 is a 64 word by 4 bit 
random access memory. Inputs consist of six address 
lines, four data input lines, a write enable, and a 
memory enable line. The six address lines are internally 
decoded to select one of 64 word locations. An internal 
address register, latches the addres s information o n the 
positive to negative transition of memory enable. The 
TRI-STATE outputs allow for easy memory expansion. 

Address Operation: Address inputs must be stable (ts/^) 
prior to the positive to negative transition of memory 
enable, and (tnA) the positive to negative transition 
of memory enable. The address register holds the 
information and stable address inputs are not needed at 
any other time. 

Write Operation: Data is written into memory at the 
selected address if write enable goes low while me/nory 
enable is low. Write enable must be held low for tj^-g 
and data must remain stable tno write enable 

returns high. 


Read Operation: Data is nondestructively read from a 
memory location by an address operation with write 
enable held high. 

Outputs are in the TRI-STATE (Hi-Z) condition when 
the device is writing or disabled. 


features 

■ Supply voltage range 

■ High noise immunity 

■ TTL compatible fan out 

■ Input address register 

■ Low power consumption 

■ Fast access time 

■ TRI-STATE outputs 

■ High voltage inputs 


3V to 5.5V 
0.45 Vcc typ 
1 TTL load 

250 nW/package typ 
(chip enabled or disabled) 
250 ns typ at 5V 


logic and connection diagrams 


0IN1 D0UT1 0 IN2 0 0UT2 D IN3 D 0UT3 0 IN4 0 0UT4 


Input Protection 




Dual-in-Line Package 



00UT2 0IN2 DIN1 OOUTl AB 


Order Number MM54C910D 
or MM74C910D 
See Package 4 

Order Number MM74C910N 
See Package 16 
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absolute maximum ratings (Note i) 


operating conditions 


Voltage At Any Output Pin 

Voltage At Any Input Pin 

Package Dissipation 

Operating Vqq Range 

Standby Vqc Range 

Absolute Maximum Vqq 

Lead Temperature (Soldering, 10 seconds) 


-0.3V to Vcc +0.3V 
-0.3VtO+15V 
500 mW 
3.0V to 5.5V 
1.5V to 5.5V 
6.0V 
300° C 


Supply Voltage (Vqq) 
MM54C910 
MM74C910 

Temperature (T^) 
MM54C910 
MM74C910 


MIN 

MAX 

UNITS 

4.5 

5.5 

V 

4.75 

5.25 

V 

-55 

+125 

°c 

-40 

+85 

°c 


dc electrical characteristics mm54C9io/mm74C9io 

(Min/max limits apply across the temperature and power supply range indicated). 


PARAMETER 

Logical ”1" Input Voltage 
Logical "0" Input Voltage 
Logical "1" Input Current 

Logical "0" Input Current 
Logical "1 '' Output Voltage 

Logical "0" Output Voltage 

Output Current in High 
Impedence State 

Supply Current 


CONDITIONS 

Full Range 
Full Range 
V,^,^15V 
V,N =5V 

V.N =ov 

lo =-150juA 
lo=-400pA 
1 q = 1.6 mA 
Vo=5V 
Vo = OV 
Vpr = 5V 


MIN 

Vcc"1-5 


Vec-0.5 

2.4 


ac electrical characteristics mM54C9to/mm74C9io 
Ta = 25^'C, Vcc = 5V, Cl = 50 pF 

PARAMETER 

^Acc Access Time from Address 

tpo Propagation Delay from ME 

tsA Address Input Set-Up Time 

tHA Address Input Hold Time 

t^E Memory Enable Pulse Width 

Memory Enable Pulse Width 
tsD pata Input Set-Up Time 

tno Data Input Hold Time 

IwE Write Enable Pulse Width 

tiH-toH Delay to TRI-STATE (Note 4) 

CAPACITANCE 

Ciivj Input Capacity 

Any Input (Note 2} 

Dour Output Capacity 

Any Output (Note 2) 

CpD Power Dissipation Capacity (Note 3) 


MIN 

TYP 

MAX 


250 

500 


180 

360 

140 

70 


20 

10 


200 

100 


400 

200 


0 



30 

15 


140 

70 



100 

200 


MM54e910/MM74C910 



MM54C910/MM74C910 


ac electrical characteristics (con't) 

Cl = 50pF 


PARAMETER 

MM54C910 

Ta =-55°Cto+125°C 
Vcc == 4.5V to 5.5V 

MM74C910 
Ta = -40°C to +85“C 
Vcc = 4.75V to 5.25V 

UNITS 

MIN 

MAX 

MIN 

MAX 

^ACC 

Access Time from Address 


860 


700 

ns 

^PDI ' 'tpDO 

Propagation Delay from ME 


660 


540 

ns 

fsA 

Address Input Set-Up Time 

200 


160 


ns 

^HA 

Address Input Hold Time 

20 


20 


ns 

tME 

Memory Enable Pulse Width 

280 


260 


ns 


Memory Enable Pulse Width 

750 


600 


ns 

tsb 

Data Input Set-Up Time 

0 


0 


ns 

^HD 

Data Input Hold Time 

50 


50 


ns 

twE 

Write Enable Pulse Width 

200 


180 ^ 


ns 

tiH - tOH 

Delay to TRI-STATE (Note 4) 


200 


200 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpjj determines the no load ac power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-90. 

Note 4: See ac test circuit for t-| h- fQH- 

typical performance characteristics truth table 


Typical Access Time vs Ambient 
Temperature 



-55 -25 5 35 65 95 125 

FREE AIR TEMPERATURE ( C) 


ME 

WE 

OPERATION 

OUTPUTS 

L 

L 

Write 

TRI -STATE 

L 

H 

Read 

Data 

H 

L 

Inhibit, Store 

TRI -STATE 

H 

H 

Inhibit, Store 

TRI-STATE 


ac test circuits 

toH 






D02 003 


i T 


T i 


001 D04 


I T 

Bt = 10k 
Cl * 10 pF 

tl 


All Other AC Tests 
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switphing time waveforms 

Read Cycle 

(See Note!) 


Ime 

/ 

MEMOnV f 

ENABLE V’ 

, 1 

— Is*,— . 

u. —tss* 

\ 

— t„* — 

-> 

ADDRESS \ 

A 

c 

_x 




tpdl — . 


>^W/////v// 


1 



DATA 

OUT , TRI-STATE CONDITION ^ 

1 


Read Modify Write Cycle 
(See Note 1 ) 


Write Cycle 
(See Note 1 ) 



fOH 



Note 1: MlBffilTETiSBCE must be bioughl high fa> Ime nanoseconds between every address change. 
Note 2 ; t, ^ t, ^ 20 ns for all inputs. 
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MM54C910/M M74C910 




MM54C920/MM74C920, 

MM54C921/MM74C921 



National 

Semiconductor 


CMOS RAMs 


MM54C920/MM74C920, MM54C921/MM74C921 
1024-Bit Static Silicon Gate CMOS RAMs 


General Description 

The MM54C920/MM74C920 256 x 4 random access 
read/write memory is manufactured using silicon gate 
CMOS technology. Data output is the same polari ty as 
data input. Internal latches store address inputs. CES 
and data output. This RAM is specifically designed to 
operate from standard 54/74 TTL power supplies. 
All inputs and outputs are TTL compatible. 

The MM54C921/MM74C921 is identical to the 
MM54C920/MM74C920, except data inputs are inter- 
nally connected to data outputs; the number of package 
leads thereby is reduced to 18. 

Complete addre ss de codin g as well as 2-chip select 
functions, CEL and CES, and TRI-STATE® outputs 
allow easy expansion with a minimum of external com- 
ponents. Versatility plus high speed and low power make 


these RAMs ideal elements for use in microprocessor, 
minicomputer as well as main frame memory applications. 

Features 

■ 256 X 4-bit organization 

■ Access time 

250 ns max MM74C920, MM74C921 
275 ns max MM54C920, MM54C921 
300 ns max MM74C920-1, MM74C921-3 

■ TRI-STATE outputs 

■ Low power 

■ On-chip registers 

■ Single 5V supply 

■ Data retained with Vqc as low as 2V 


Connection Diagrams 


Logic Symbols 


Dual-ln-Line Package 


Dual-In-Line Package 



- DI/01 

- 01/02 

• 01/03 

• 01/04 


Ordering Information 



MILITARY 

COMMERCIAL 

PACKAGE* 

MM54C920, 

MM54C921 

X 


J, D 

MM74C920, 

MM74C921 


X 

N, J, D 

MM74C920-1, 

MM74C921-3 


X 

N, J. D 


*J and N package available mld-1977 
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Ateolute Maximum Ratings Operating Conditions 





MIN 

MAX 

UNITS 

Supply Vokage, Vcc 

7V 

Supply Voltage (V0g) 




Voltage at Any Pin 

-C.3V to VCC + 0.3V 

MM54C920, MM54C921 

4.5 

5.5 

V 

Storage Temperature Range 

-S5°Cto+150°C 

MM74C920, MM74C921 

4.5 

5.5 

V 

Power Dissipation 


MM74C920-1 , MM74C921-3 

4.75 

5.25 

V 

Lead Temperature {Soldering, 10 seconds) 

300°C 

Ambient Temperature (T/\) 






MM54C920, MM54C921 

-55 

+125 

°C 



MM74C920, MM74C921 

-40 

+85 

. “C 



MM74C920-1 , MM74C921 -3 

0 

+70 

°c 


DC Eiectrical Characteristics (Note 2) 



PARAMETER 

CONDITIONS 

MM54C920, 
1 MM54C921 

MM74C920, 

MM74C921 

MM74C920-3, 

MM74C921-3 

UNITS 




MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


V|H 

Logical "1" Input Voltage 


VcC"2.0 

Vec 

VcC-2.0 

vec 

Veer 1-5 

Vec 

V 

V|L 

Logical "0" Input Voltage 


0 

0.8 

0 

0.8 

0 

0.8 

V 

V 0 HI 

Logical "1" Output Voltage 

Iqh = - I nnA 

2.4 


2.4 


2.4 


V 

VOH2 

Logical "1" Output Voltage 

iqut = 0 

Vcc-001 


Vcc-0.01 


Vcc-001 


V 

VOLI 

Logical "0" Output Voltage 

IOL = 2mA 


0.4 


0.4 


0.4 

V 

VOL2 

Logical "0" Output Voltage 

IOUT = 0 


0.01 


0.01 


0.01 

V 

Ml 

Input Leakage 

0V<V|N<Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 1 

1.0 

mA 

io 

Output Leakage 

0V< Vo < vec, 
CEL = Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

juA 

•cc 

Supply Current 

V|N = Vcc. Vo = OV 


10 


10 


100 

mA 

Vdp 

VcC Retention 

= Vec 

2.0 


2.0 


2.0 


V 

•dr 

Ice D^ta Retention 

^ = Vcc = 2V. 
Typical at 25°C 


0.01 


0.01 


0.1 

mA 


Capacitance (Notes) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

C|N 

1 nput Capacitance 

ViN = OV, f = 1 MHz, Ta = 25°C 


4 

7 

pF 

Co 

Output Capacitance 

ViN = OV, f = 1 MHz, Ta = 25'’C 


6 

9 

pF 

C|/0 

Data Input/Output Capacitance 

MM54C921/MM74C921 Only 


8 

12 

pF 


Note 1: "Absolute Maximum Ratings" are those values above which the device may be permanently damaged. They do not mean the device may 
be operated at these values. 

Note 2: These limits apply over the entire operating range specified in the "Operating Conditions" unless otherwise stated. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4; These limits apply over the operating range specified in the "Operating Conditions" with tRisE “ fpALL " ^ load = 1 TTL gate -t- 
50 pF. 
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54C920/MM74C920, 

54C921/MM74C921 



MM54C920/MM74C920, 

MM54C921/MM74C921 


AC Electrical Characteristics (Note4> 


PARAMETER 

MM54C920, 

MM54C921 

MM74C920, 

MM74C921 

MM74C920-3 

MM74C921-3 

UNITS 

MIN 

MAX 

MUM 

MAX 

MilM 

MAX 

tc 

Cycle Time 

290 


255 


330 


ns 

tACC 

Access Time From Address 


275 


250 


325 

ns 

tACS 

Access Time From Strobe 


250 


225 


300 

ns 

tAS 

Address Set-Up Time 

25 


25 


25 


ns 

tAH 

Address Hold Time 

25 


25 


25 


ns 

tOE 

Output Enable Time 


150 


130 


130 

ns 

too 

Output Disable Time 


150 


130 


130 

ns 

tST 

ST Pulse Width (Negative) 

150 


130 


165 


ns 

tsT 

ST Pulse Width (Positive) 

140 


125 


125 


ns 

twp 

Write Pulse Width (Negative) 

150 


130 


165 


ns 

tDS 

Data Set-Up Time 

100 


90 


90 


ns 

tDH 

Data Hold Time 

60 


60 


60 


ns 


Functional Description 


The outputs are in a hi gh impe dance state when the 
chip is not selected (CES or CEL high) or when writing 
(WE low). Note that the information st ored in th e out- 
put latches will be changed whe never S TROB E falls, 
regardless of the lofic states of WE, CEL or CES. 


The timing diagrams in Figures 2, 3 and 4 define the 
read, write, and output enable/disable parameters 
respectively. 


Reduced-Voltage Operation 


These memories will retain data with reduced Vcc 
hence are useful for battery-backup data storage. Certain 
precautions must be observed as Vqc 'S reduced: (1) 
input voltages must remain between the Vqc ground 
of the RAM or supply latch-up can occur, (2) WRITE 
mode must be avoided, (3) during power-up of Vcc» 
ST logic state must be maintained (either GND or Vqc) 
while address control lines stabilize. 


The functional description will reference the logic 
diagram of the MM54C920/ MM74 C920 shown in 
Figure 1. Input addresses and CES a re clocke d into 
the input latches by the falling edge of STROBE. Input 
set-up and hold times must be observed on these signals 
(see timing diagrams). The true and complement address 
information is fed to the row and column decoders 
which access the selected 4-bit memory word. 

The addressed word (4 bits) is fed to 4 sense amplifiers 
through the column decoders. The information from the 
sense amp lifiers is latched into the output register when 
STROBE rises. The register drives the TRI-STATE 
output buffers, 

Chip select inputs, CEL and CES, have identical functions 
except that CES (Chip Ena ble Stored ) is c locked into a 
latch on the falling edge of STROBE; CEL (Chip Enable 
Level) is not. 

Note that set- up a nd hold times mus t be obse rved on 
CES. Beca use CEL is not clocked by STROBE, it may 
fall after STROBE has fallen without affecting access 
time. 



Truth Table 


Wf 

CES* 

CEL 

WE 

Dl* 

FUNCTION 

X 

X 

1 

X 

X 

Output in Hi-Z state 

0 

1 

X 

X 

X 

Output in Hi-Z state 

X 

X 

X 

0 

X 

Output in Hi-Z state 

0 

0 

0 

0 

0 

Write "0", output in Hi-Z state 

0 

0 

0 

0 

1 

Write "1”, output in Hi-Z state 

0 

0 ' 

0 

1 

X 

Read data, output enabled 


*Set-up and hold times must be met 
X = don't care 


Logic Diagram^ 



FIGURE 1. MM54C920/MM74C920 


*The logic diagram for the MM54C921/MM74C921 is identical to this except that data inputs (DM— DI4) are connected to data outputs 
(D01-D04). 
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MM54C920/MM74C920, 

MM54C921/MM74C921 
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MM54C920/MM74C920, 

MM54C921/MM74C921 



M M 54C9 20/M M74 C9 20 , 
MM54C921/MM74C921 


Typical Performance Characteristics (Continued) 


Output Enable Time vs 
Ambient Temperature 



-55 -40 0 25 85 125 

TaTC) 


Dynamic Current vs Power 
Supply Voltage (V|h = ^CC' 
V|L = 0V) 



3 3.5 4 4.5 5 5.5 6 

Vcc (V) 


200 


-20 

- 17.5 

-15 

- 12.5 



-5 

- 2.5 

0 


Output Sink Current vs 
Output Voltage 


40 
35 
30 

< 25 

E . 

"I. 20 

15 
10 
5 
0 

0 0.5 1 1.5 2 2.5 3 3.5 4 

VoUT<V) 



Minimum ST Pulse Width 
(Negative) vs Ambient 
Temperature 



- 55-40 0 25 85 125 

TaTC) 


Output Source Current vs 
Output Voltage 


Vcc = 5V 



5 4.5 4 3.5 3 2.5 2 1.5 1 

VquT (V) 



Test Limit MM54C920, MM54C921 


Test Limit MM74C920, MM74C921 
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National 

Semiconductor 


CMOS RAMS 


MM54C929/MM74C929, MM54C930/MM74C930 
1024-Bit Static Silicon Gate CMOS RAMs 

General Description Features 


The MM54C929/MM74C929 and the MM54C930/ 
MM74C930 1024 x 1 random access read/write memories 
are manufactured using silicon gate CMOS technology. 
These RAMs are specifically designed to operate from 
standard 54/74 TTL power supplies; all inputs and 
outputs are TTL compatible. Data output is the same 
polarity as data input. Internal latches store the a ddress 
inputs and data output. Chip select input CS1 serves 
as a chip strobe, controlling address and data latching. 
The Data-In and Data-Out terminals can be tied together 
for common I/O applications. Complete address decoding, 
3-chip select functions (MM54C930/MM74C930) and 
TRI-STATE® output allow easy memory expansion and 
organization. The MM54C929/MM74C92 9 dif f ers f rom 
the MM54C930/MM74C930 only in that CS1, CS2 and 
CS3 are internally connected together, providing a single 
chip-select input CS. 

Versatility, high speed, and low power make these RAMs 
ideal elements for use in many microprocessor mini- 
computer and main frame memory applications. 


Features 

■ Fast access— 250 ns max 

■ TR I -STATE outputs 

■ Low power— 10 /i A max standby 

■ On-chip registers 

■ Single 5V supply 

■ Inputs and output TTL compatible 

■ Data retained with Vcc as low as 2V 

■ Can be operated common I/O 

Functional Description 

Address inputs are clocked i nto the input latches by the 
falling edge of chip strobe CS1; set-up and hold times 
must be observed on these input signals (see timing dia- 
gram). The true and complement address information is 
fed to the row and column decoders which select one of 
the 1024-bit locations. The addressed bit is fed, via a 
sense amplifier, to the output register and TRI-STATE 
buffer. The information is latched in to th e output 
register on the rising edge of chip strobe CS1. The out- 
put is in a hi gh i mpe dance state when the c hip is not 
selected (CS2 or CS3 high) or when writing (WE l ow) . 
Output buffer control is independent of chip strobe CS1. 


Block and Connection Diagrams 



Dual-In-Line Package ' 

Vcc D1 m A9 AS A7 AG A5 



Order Number MM54C929D or MM74C929D 
See Package 3A 
Order Number MM74C929N 
See Package 15 

Order Number MM54C930D or MM74C930D 
See Package 4 

Order Number MM74C930N 
See Package 16 


Dual-1 n-Line Package 


Il7 he 15 [14 13 Il2 11 10 


CS AO At A2 A3 A4 DO GNO 


C§2 CST AO A1 A2 A3 A4 DO GNO 
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M54C929/MM74C929, 

M54C930/MM74C930 



MM54C929/MM74C929, 

MM54C930/MM74C930 


Absolute Maximum Ratings 


Supply Voltage, Vqc 
V oltage at Any Pin 
Storage Temperature Range 
Operating Temperature Range 
MM54C929, MM54C930 
MM74C929, MM74C930 
MM74C929-3, MM74C930-3 


7V 

-0.3V to Vcc + 0.3V 
-65°Cto+150°C 

-55°Cto+125°C 
-40®Cto+85®C 
O'^’C to +70° C 


DC Electrical Characteristics Vcc “ ±10%, Ta “ Operating Range, unless otherwise noted 


SYMBOL 

parameter 

CONDITIONS 


MM74C929, 

MM74C930 

MM74C929-3, 

MM74C930-3 

UNITS 


IQQI 

MIN 

B^i 

MIN 

MAX 

V|H 

Logical "1" Input Voltage 


Vcc-2.0 

Vcc 

Vccr2.o 

Vcc 

Vcc-2.0 

Vcc 

V 

V|L 

Logical "0" Input Voltage 


0 

0.8 

0 

0.8 

0 

0.8 

V 

VOHI 

Logical “1" Output Voltage 

lOH = 1 

2.4 


2.4 


2.4 


V 

VOH2 

Logical "1" Output Voltage 

IOUT = 0 

vecrool 


VccrO.i 


vcc-0.1 


V 

Volt 

Logical "0" Output Voltage 

lOL = 2.0 mA 


0.4 


0.4 


0.4 

V 

V0L2 

Logical "0" Output Voltage 

IOUT = 0 


0.01 


0.01 


0.01 

V 

l|L 

Input Leakage 

0V<ViN<Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

juA 

lo 

Output Leakage 

OV < Vq < Vcc- CEL = Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

juA 

ICC 

Supply Leakage Current 

V|N = VcC-Vo = OV 


20 


10 


100 

(lA 

VdR 

Vcc Dafa Retention 

{Note 2) 

2.0 


2.0 


2.0 


V 

idr 

Ice fo** Data Retention 

Vcc = 2V, (Note 2) 







ma 


Notel: Vcc = 5V ±5%. 

Note 2: CS2 or CS3 or^= Vcc — i2V or = 2V, whichever is greater. 


AC Electrical Characteristics vcc = 5v±io%,ta = operating Range 


TTL Interface (V|h “ Vcc “ 2V, V|L = 0.8V, Input tR|$E = tpAtL ** S ns. Load = 1 TTL Gate + 50 pF) 


SYMBOL 

PARAMETER 

MM54C929, 

MM54C930 

MM74C929, 

MM74C930 

MM74C929-3, 

MM74C930-3 

UNITS 



MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


tc 

Cycle Time 

290 


255 


330 


ns 

tACC 

Access Time From Address 


265 


240 


315 

ns 

tACSMCSI 

Access Time From C5, CSl 


250 


225 


300 

ns 

tAS 

Address Set-Up Time 

15 


15 


15 


ns 

tAH 

Address Hold Time 

50 


50 


50 


ns 

tOE 

Output Enable Time 


150 


130 


130 

ns 

tOD 

Output Disable Time 


150 


130 


130 

ns 

tes-t^ 
(Note 3) 

CS, CSl Pulse Width (Negative) 

150 


130 


165 


ns 

tCS±CS1 

^1 Pulse Width (Positive) 

140 


125 


165 


ns 

twp 

Write Pulse Width (Negative) 

150 


130 


165 


ns 

tDS 

Data Set-Up Time, (Note 4) 

150 


140 


140 


ns 

tDH 

Data Hold Time, (Note 4) 

0 


0 


0 


ns 


Note 3: Greater than minimum CS pulse width must be used when reading data from the MM54C929/IVIM74C929 to ensure that output TRI- 
ST ATI NG does not occur before data becomes valid. Writing has no such limitation. 

Note 4: tpg and tpn referenced to the low-to-high transition of CS1 or CS2 or CSS or WE,whichever switches first, for the MM54C930/ 
MM74C930 and are referenced to the CS or WE low-to-high transition, whichever switches first, for the MM54C929/MM74C929. 
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Capacitance (Note 5) 


GONOmONS 


V|N = 0, f- 1 MHz/Ta = 25°C 
V||S) = 0,f= 1 MHz.Ta = 25°C 
MM54C929/MM74C929, MM74C 


Note 5: Capacitance maximum is guaranteed by periodic testing. 


SYMBOL 

PARAMETER 

C|N 

input Capacitance 

Co 

Output Capacitance 

Ccs 

Chip Select Capacitance 



Truth Tables 



MM54C929/MM74C929 


WE 

Dl 

FUNCTION 

X 

X 

Output in Hi-Z State 

0 

X 

Output in Hi-Z State 

0 

0 

Write "0," Output in Hi-Z State 

0 

1 

1 

X 

Write "1," Output in Hi-Z State 
Read Data, Output Enabled 


MM54C930/MM74C930 


X = Don't care 



cs? 

C53 

W1 

Dl 

FUNCTION 


1 

X 

X 

X 

Output in Hi-Z State 

X 

X 

1 

X 

X 

Output in Hi-Z State 

X 

X 

X 

0 

X 

Output in Hi-Z State 

0 

0 

0 

0 

0 

Write "0," Output in Hi-Z State 

0 

0 

0 

0 

1 

Write "1," Output in Hi-Z State 

0 

0 

0 

1 

X 

Read Data, Output Enabled 


Switching Time Waveforms 



- 


n- FC* 


^ CS 




— — 


-Mh 


— : — tAcs- 
— Ucc— — 

TRI-STATE® — 


DATA OUT VALID 


Greater than minimum; CS1 pulse width must be used when reading data from the 
MM54C929/MM74C929 to ensure that output TRI-STATING does not occur before data 
becomes valid. Writing has no such limitation. 


MM54C929/MM74C929 



tACST- 

— ^ACC— — 

- TRI-STATE®— 


DATA OUT VALID 


MM54C930/MM74C930 


FIGURE 2. Read Cycle (WE » V|h) 
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MM54C929/MM74C929, 
M M 54 C9 30/M M74 C9 30 
















MM54 
MM 54 


twp{the Write Pulse width) is the time CS and WE are coincidentally low 
MM54C929/MIVI74C929 



m AND CSS 



twp (the Write Pulse width) is the time CS1, CS2, CSS and WE are coincidentally low 

MM54C930/MM74C930 
FIGURES. Write Cycle 



Dqut 


— —tri-state®— — — . 


DATA OUT VALID 


MM54C929/IVHVI74C929 



OQyy — — —TRI-STATE®— — — • 


DATA OUT VALID 


MM54C930/MM74C930 
FIGURE 4. Output Enable/Disable 
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MM54C929/MM74C929 

MM54G930/MM74C930 






MM 54 C929/MM74C929 , 
MM54C930/MM74C930 



< 

CM 

O 

& 

S 

s 


absolute maximum ratings (NoteD 

Ambient Temperature 0°C to +70°C 

Storage Temperature -65°C to +1 25°C 

Power Dissipation 2W 

Read Operation 

Input Voltages and Supply Voltages with +0.5V to ~20V 

Respect to Vqq 
P rogram Operation 

Input Voltages and Supply Voltages with -48V 

Respect to Vqc 

Lead Temperature (Soldering, 10 seconds) 300'^C 


read operation dc characteristics 

Ta = 0°C to +70°C, Vcc = +5V ±5%, Vqd = ±5%, Vqg = “9V ±5%, ur 

voltages and T^ = 25°C. (Note 2) 


PARAMETER 

CONDITIONS 

'li 

Address and Chip Select 
Input Load Current 

V,N =o.ov 

'lo 

Output Leakage Current 

VouT = 0.0V, Vcc-2 

•ddo 

Power Supply Current 

Vgg ~ ^CC' ~ ^cc ~2 

loL = 0.0 mA, Ta = 25°C, 
(Note 2) 

^DDI 

Power Supply Current 

Vcc“2, loL = 0.0 mA, 
Ta = 25°C 

*DD2 

Power Supply Current 

^ = 0.0, loL = 0.0 mA, Ta = 25°C 

•dD3 

Power Supply Current 

CS = Vcc ~2, Iql ~ 0.0 mA, 
Ta = 0°C 

•CFI 

Output Clamp Current 

VouT =-1.0V, Ta =0°C 

*CF2 

Output Clamp Current 

Vqut =-1-0, Ta =25°C 

'gg 

Gate Supply Current 


V|L1 

Input Low Voltage for 
TTL Interface 


V|L2 

Input Low Voltage for 
MOS Interface 


V,H 

Address and Chip 
Select Input High 
Voltage 


Iql 

Output Sink Current 

VouT = 0.45V 

Iqh 

Output Source Current 

VouT = O.OV 

o 

> 

Output Low Voltage 

I Q j_ “ 1 -6 m A 

I 

o 

> 

Output High Voltage 

Iqh ~ -100/jA 


Note 1: Stresses above those listed under "Absolute Maximum Ratings" may cause per 
and functional operation of the device at these or at any other condition above thos 
not implied. Exposure to Absolute Maximum Rating conditions for extended period 
Note 2; Power-Down Option: Vqq may be clocked to reduce power dissipation. Tl 
on the Vqg duty cycle (see typical characteristics). For this option, please specify MM 
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National 

Semiconductor 


CMOS RAMS 


MM54C929/MM74C929, MM54C930/MM74C930 
1024-Bit Static Silicon Gate CMOS RAMs 


General Description 

The MM54C929/MM74C929 and the MMS4C930/ 
MM74C930 1024 x 1 random access read/write memories 
are manufactured using silicon gate CMOS technology. 
These RAMs are specifically designed to operate from 
standard 54/74 TTL power supplies; all inputs and 
outputs are TTL compatible. Data output is the same 
polarity as data input. Internal latches store the a ddress 
inputs and data output. Chip select input CS1 serves 
as a chip strobe, controlling address and data latching. 
The Data-In and Data-Out terminals can be tied together 
for common I/O applications. Complete address decoding, 
3-chip select functions (MM54C930/MM74C930) and 
TRI-STATE® output allow easy memory expansion and 
organization. The MM54C929/MM74C92 9 dif f ers f rom 
the MM54C93Q/MM74C930 only in that CS1, CS2 and 
CS3 are internally connected together, providing a single 
chip-select input CS. 

Versatility, high speed, and low power make these RAMs 
ideal elements for use in many microprocessor mini- 
computer and main frame memory applications. 


Features 

■ Fast access— 250 ns max 

■ TRI-STATE outputs 

■ Low power— 10 ju A max standby 

■ On-chip registers 

■ Single 5V supply 

■ Inputs and output TTL compatible 

■ Data retained with Vqc as low as 2V 

■ Can be operated common I/O 

Functional Description 

Address inputs are clocked i nto the input latches by the 
falling edge of chip strobe CS1; set-up and hold times 
must be observed on these input signals (see timing dia- 
gram). The true and complement address information is 
fed to the row and column decoders which select one of 
the 1024-bit locations. The addressed bit is fed, via a 
sense amplifier, to the output register and TRI-STATE 
buffer. The information Is latched in to th e output 
register on the rising edge of chip strobe CS1. The out- 
put is in a hi gh i mpe dance state when the c hip is not 
selected (CS2 or CS3 high) or when writing (WE l ow) . 
Output buffer control is Independent of chip strobe CS1. 


Block and Connection Diagrams 



Dual-ln-Line Package 

Vcc Dl WE A9 AB A7 / 


WE A9 AB A7 A6 



Order Number MM54C929D or MM74C929D 
See Package 3A 
Order Number MM74C929N 
See Package 15 

Order Number MM54C930D or MM74C930D 
See Package 4 

Order Number MM74C930N 
See Package 16 



A2 A3 A4 DO GND 


At A2 A3 A4 DO GND 
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MM 54C929/M M74G929 . 
MM54C930/MM74C930 







54C929/MM74C929, 

54C930/MM74C930 




Absolute Maximum Ratings 


Supply Voltage, Vqq 
V oltage at Any Pin 
Storage Temperature Range 
Operating Temperature Range 
MM54C929, MM54C930 
MM74C929, MM74C930 
MM74C929-3, MM74C930-3 


7V 

-0.3V to Vcc + 0.3V 
-65°Cto+150°C 

~55°Cto+125‘’C 
-40° C to +85° C 
0°Cto +70° C 


DC Electrical Characteristics Vcc “ 5V ±10%, Ta = Operating Range, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MM54C929, 

MM54C930 

MM74C929, 

MM74C930 

MM74C929-3, 

MM74C930-3 

UNITS 

MIN 

MAX 

MIN 

^^9 

MIN 


V|H 

Logical "1" Input Voltage 


VCC“2.0 

Vcc 

VcC-2.0 

Vcc 

VcC-2.0 


V 

V|L 

Logical "0" Input Voltage 


0 

0.8 

0 

0.8 

0 

m 

V 

VOHI 

Logical "1" Output Voltage 

IqH = 1 mA 

2.4 


2.4 


2.4 


V 

VOH2 

Logical "1" Output Voltage 

IOUT = 0 

Vcc-001 


VcC”01 


vcc-0-1 


V 

VOLI 

Logical "0" Output Voltage 

Iql 2.0 mA 


0.4 


0.4 


0.4 

V 

Vql2 

Logical "0” Output Voltage 

IQUT = 0 


0.01 


0.01 


0.01 

V 

l|L 

Input Leakage 

0V<V|N<Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

ma 

lO 

Output Leakage 

ov<vo<vcc,^ = Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

ma 

icc 

Supply Leakage Current 

V|N = Vcc Vo = 0V 


20 


10 


100 

juA 

vdr 

Vcc fo*' Data Retention 

(Note 2) 

2.0 


2.0 


2.0 


V 

'DR 

•CC Data Retention 

Vcc = 2V, (Note2) 







mA 


Note 1: Vcc = 5V ±5%. 

Note 2: CS2 or C$3 orl^= V^C — 2V or = 2V, whichever is greater. 


AC El6CtriC3l Chdract6ristics Vcc ~ SV ± 10 %, Ta ~ operating Range 


TTL Interface (V|h = Vcc — 2V, V|l - 0.8V, Input tR|SE * tpALL = 5 ns. Load = 1 TTL Gate + 60 pF) 


SYMBOL 

PARAMETER 

MM54C929, 

MM54C930 

MM74C929, 

MM74C930 

MM74C929-3, 

MM74C930-3 

UNITS 



MIN 

MAX 

MIN 

MAX 

MIN 



tc 

Cycle Time 

290 


255 


330 


ns 

tACC 

Access Time From Address 


265 


240 


315 

ns 

tACS±ACS1 

Access Time From C^, CS 1 


250 


225 


300 

ns 

tAS 

Address Set-Up Time 

15 


15 


15 


ns 

tAH 

Address Hold Time 

50 


50 


50 


ns 

tOE 

Output Enable Time 


150 


130 


130 

ns 

tOD 

Output Disable Time 


150 


130 


130 

ns 

tcs,t^ 

(Notes) 

CS, CS1 Pulse Width (Negative) 

150 


130 


165 


ns 

tcs.tcsi 

^1 Pulse Width (Positive) 

140 


125 


165 


ns 

twp 

Write Pulse Width (Negative) 

150 


130 


165 


ns 

tos 

Data Set-Up Time, (Note 4) 

150 


140 


140 


ns 

tDH 

Data Hold Time, (Note 4) 

0 


0 


0 


ns 


Note 3: Greater than minimum CS pulse width must be used when reading data from the MM54C929/MM74C929 to ensure that output TRI- 
STATING does not occur before data becomes valid. Writing has no such limitation. 

Note 4: tps and tpH referenced to the low-to-high transition of CS1 or CS2 or CS3 or WE,whichever switches first, for the MM54C930/ 
MM74C930 and are referenced to the CS or WE low-to-high transition, whichever switches first, for the MM54C929/MM74C929. 
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Capacitance (Notes) 


SYiVIBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 



Input Capacitance 

VjN = 0,f= 1 MHz,Ta = 25°C 

■■ 

7 

pF 


Output Capacitance 

V| N = 0, f = 1 MHz, Ta = 25°C 


9 

pF 


Chip Select Capacitance 

MM54C929/MM74C929, MM74C929-3 


12 

pF 


Note 5: Capacitance ma>(imum is guaranteed by periodic testing. 

Truth Tables 

MM54C929/MM74C929 


MM54C930/MM74C930 



WE 

Dl 

FUNCTION 

n 

X 

■ X 

Output in Hi-Z State 

B 

0 

X 

Output in Hi-Z State 

0 

0 

0 

Write "0," Output in Hi-Z State 

0 

0 

1 

Write "1 Output in Hi-Z State 

0 

1 

X 

Read Data, Output Enabled 


X = Don't care 


(5§T 

CS? 

C§3 

Wi 

01 

FUNCTION 

X 

1 

X 

X 

X 

Output in Hi-Z State 

X 

X 

1 

X 

X 

Output in Hi-Z State 

X 

X 

X 

0 

X 

Output in Hi-Z State 

0 

0 

0 

0 

0 

Write "0," Output in Hi-Z State 

0 

0 

0 

0 

1 

Write "1," Output in Hi-Z State 

0 

0 

0 

1 

X 

Read Data, Output Enabled 


Switching Time Waveforms 



^Greater than minimum; GS1 pulse width must be used when reading data from the 
MM54C929/MM74C929 to ensure that output TRI-STATING does not occur before data 
becomes valid. Writing has no such limitation. 


MM54C929/MM74C929 



FIGURE 2. Read Cycle (WE « V|h) 
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MM 54 C92 9/M M74 C92 9 , 
MM54C930/MM74C930 






















MM 54 
MM54 


t\/yp (the Write Pulse width) is the time CS and WE are coincidentally low 
MM54C929/MWI74C929 
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{su)33Wj isu) SQ; (su) HVj 


T yp leal Performance Characteristics 


Access Time vs Ambient 
Temperature 




-55-40 0 25 85 125 

TaTC) 


Access Time vs Power Supply 
Voltage 






— 

Ta== 

25° C 








\ 

V 























3 3.5 4 4.5 5 5.5 6 

Vcc(V) 


Minimum Write Pulse Width 
vs Ambient Temperature 



-50-40 0 25 85 125 

TaTC) 


Data* In Set-Up Time vs 
Ambient Temperature 




-55-40 0 25 85 125 

TArC) 


Data-In Hold Time vs 
Ambient Temperature 



-55-40 0 25 85 125 

TaTC) 


Minimuni CSI Pulse Width 
(Positive) vs Ambient 
Temperature 


\Vcc = 4^SV^^^ 

^^Vcc = 5.5v1 


-55-40 0 25 85 125 

Ta(°C) 


Address Hold Time VS 
Ambient Temperature 


^Vcc = 4JV^^^ 


-55-40 0 25 85 125 

Ta(“C) 


Address Set-Up Time vs 
Ambient Temperature 



-55-40 0 25 85 125 

Ta(°C) 


Output Enable Time vs 
Ambient Temperature 



-55-40 0 25 85 125 

Ta(’C) 


Minimum CSI Pulse Width 
(Negative) vs Ambient 
Temperature 



-55-40 0 25 85 125 

lArc) 


Test Limit MM54C929. MM54C930 


Test Limit MM74G929, MM74C930 
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M 54G929/M M74C929 , 
M54C930/IVHV174C930 



MM54C929/MM74C929, 

MM54C930/MM74C930 


Typical Performance Characteristics (Continued) 


Dynamic Current vs Power 
Supply Voltage 



3 3.5 4 4.5 5 5.5 6 


Output Source Current vs 
Output Voltage 



5 4.5 4 3.5 3 2.5 2 1.5 1 


Vcc (V) 


Vout(v) 


Output Sink Current vs 
Output Voltage 



0 0 5 1 1.5 2 2,5 3 3.5 4 


Vqut(V) 
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^ National 
Sii Semiconductor 


MOS EPROMs 


MM1702A 2048-bit electrically programmable ROM 
general description 


The MIVI1702A is a 256 word by 8-bit electrically 
programmable ROM ideally suited for uses where fast 
turn-around and pattern experimentation are important. 
The MM1702A undergoes complete programming and 
functional testing on each bit position prior to shipment, 
thus insuring 100% programmability. 


The MM1702A Is fabricated with silicon gate technology. 
This low threshold technology allows the design and 
production of higher performance MOS circuits and 
provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 


The MM1702AQ is packaged in a 24-pin dual-in-line 
package with a transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device. The MM1702AD is packaged in a 24-pin 
dual-in-line package with a metal lid and is not erasable. 

The circuitry of the MM1702A is entirely static; no 
clocks are required. 

A pin-for-pin metal mask programmed ROM, the 
MM1302 is ideal for large volume production runs of 
systems initially using the MM1702A. 


features 

■ Fast programming— 30 seconds for all 2048 bits 

■ All 2048 bits guaranteed programmable— 100% 
factory tested 

■ Fully decoded, 256 X 8 organization 

■ Static MOS— no clocks required 

■ Inputs and outputs DTL and TTL compatible 

■ TRI-STATE® output— OR-tie capability 

■ Simple memory expansion— chip select input lead 

■ Direct replacement for the Intel 1702A 


block and connection diagrams 


INPUT I 

j drivers!" 


J OUTPUT I I 
BUFFERS I 


Note In the mi mode ■ logic 
"1" at the tddreii inpuii and data 
Dutputi it a high and logic "0” It 


Dual-ln-Line Package 

PRO- 

VoD Vcc Vec A3 A4 A5 A6 A7 Vog Vbb GRAM 



‘■ao *0ATA OUT 

TOP VIEW 

*Thit pin it tha data input laad doling programming. 

Order Number MM1702AD 
See Package 6 
Order Number MM1702AQ 
See Package 21 


a 8 7 8 . Vcc 

OUT MSB 



13 

(PROGRAM) 


*The external lead connections to the MIV11702A differ, depending on whether the device is being programmed or used 
read mode. (See following table.) In the programming mode, the data inputs 1—8 are pins 4—1 1 respectively. 


22 

(Vcc) 

23 

(Vcc) 

Vcc 

GND 

Vcc 

GND 
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MM1702A 














MM1702A 


absolute maximum ratings (Notei) 

Ambient Temperature 0°C to +70°C 

Storage Temperature -65°C to +1 25°C 

Power Dissipation 2W 

Read Operation 

Input Voltages and Supply Voltages with +0.5V to -20V 

Respect to Vcc 
Program Operation 

Input Voltages and Supply Voltages with -48V 

Respect to VcG 

Lead Temperature (Soldering, 10 seconds) 300°C 


read operation dc characteristics 

T^ = 0°C to +70°C, Vcc “ "^SV ±5%, V^d = -9V ±5%, Vqg ±5%, unless otherwise noted. Typical values are at nominal 

voltages and T^ = 25°C. (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Ili 

Address and Chip Select 
Input Load Current 

V,M = o.ov 



1 

jiiA 

•lo 

Output Leakage Current 

VouT = O.ov, ^ = Vcc -2 



1 

UA 

*DDO 

Power Supply Current 

^gg “ “ ^cc ”2 

loL = 0.0 mA, Ta =25°C, 
(Note 2) 


5 

10 

mA 

•ddi 

Power Supply Current 

CS = Vcc “2, loL = 0.0 mA, 
Ta = 25° C 


35 

50 

mA 

IdD2 

Power Supply Current 

^ = 0.0, loL = 0.0 mA, Ta = 25°C 


32 

46 

mA 

•dD3 

Power Supply Current 

CS ~ Vqc ~2, Iql ~ 0.0 mA, 
Ta=0°C 


38.5 

60 

mA 

ICFI 

Output Clamp Current 

VouT =-1.0V, Ta =0°C 


8 

14 

mA 

•CF2 

Output Clamp Current 

VouT =-1.0, Ta =25°C 



13 

mA 

•gg 

Gate Supply Current 




■1 

ma 

V,L1 

Input Low Voltage for 
TTL Interface 


-1.0 


T 

o 

u 

> 

V 

V|L2 

Input Low Voltage for 
MOS Interface 


Vdd 


CO 

1 

u 

u 

> 

V 

V,H 

Address and Chip 
Select Input High 
Voltage 

■ 

< 

o 

o 

1 


Vcc +0.3 

V 

■OL 

Output Sink Current 

VouT = 0.45V 

1 

1.6 

4 


mA 

*0H 

Output Source Current 

VouT=0.0V 

-2.0 



mA 

O 

> 

Output Low Voltage 

Iql = 1.0 mA 


-0.7 

0.45 

V 

I 

o 

> 

Output High Voltage 

^OH ~ —1 00/iA 

3.5 

4.5 


V 


Note 1 : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability. 

Note 2: Power-Down Option: Vqq may be clocked to reduce power dissipation. The average Iqd will vary between IpDO *DD1 depending 
on the Vqq duty cycle (see typical characteristics). For this option, please specify MM1702AL. 


read operation ac characteristics 

Ta - 0°C to +70°c; Vcc = +5V ±5%, Vdd = -9V ±5%, Vqg = “9V ±5%, unless otherwise noted. 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Freq. 

Repetition Rate 



' 

MHz 

tOH 

Previous Read Data Valid 



100 

ns 

^ACC 

Address to Output Delay 


0.7 

1 

JUS 

tovGG 

Clocked Vqg Set-Up (Note 1) 




Ats 

tcs 

Chip Select Delay 



100 

ns 

^co 

Output Delay From GS 



900 

ns 

too 

Output Deselect 



300 

ns 

^OHC 

Data Out Hold in Clocked Vqg Mode (Note 1 ) 



'■5' 

ps 


capacitance characteristics Ta = 25°c (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

C|N 

Input Capacitance 

All Unused 

o 

o 

> 

II 

z 

> 


8 

15 


Cqut 

Output Capacitance 

Pins Are 

CS = Vcc 


10 

15 

pF 

^VGG 

Vqg Capacitance 
(Notel) 

At ac 
Ground 

Vqut = Vcc 
Vqg = Vcc 


'' ; ' ■ ■ ^ 

30 

■ ' ' 1 

pF 


Note 3: This parameter is periodically sampled and is not 100% tested. 


read operation switching time waveforms 

(a) Constant Vqq Operation 


(b) Power-Down Option (Note 1} 



OESELEC 





le amplitudes; 0-4V, i,. if < SO ns. Output load is 1 TTL gate; measure- 
le at output of TTL gdte (tpo < 15 ns), Cl. = IS pF. 



Note V. The Output will remain valid for toHc long as clocked Vqg Vcc 
address change may occur as soon as the output is sensed (clocked Vgg mav stillbeat 
Vcc )- becomes invalid for the old address when clocked Vqq is returned to Vgc . 

Note 2: If CS makes a transition from V,c to V,ff while clocked V^g is at Vqq, then 
deselection of output occurs at too ^s shown in static operation with constant Vgg - 
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MM1702A 


MM1702A 


programming operation dc characteristics 

Ta - 25“ C, Vcc OV, Vbb = 12V ±10%, ^ = OV unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

•lmp 

Address and Data Input 
Load Current 

V,n=-48V 



10 

mA 

•lI2P 

Program and Vqq Load 
Current 

V,^,=-48V 



10 

mA 

'bb 

Vbb Supply Load Current 

(Note 5) 


10 

100 

mA 

Iddp 

Peak Ido Supply Load 
Current 

Vqd ~ VpROG = “48V 
Vc 3 G =“35V (Note 4) 


200 

300 

mA 

V|HP 

Input High Voltage 




0.3 

V 

V|L1P 

Pulsed Data Input Low 
Voltage 


-46 


-48 

V 

V|L2P 

Address Input Low Voltage 


-40 


-48 

V 

V|l3P 

Pulsed Input Low Vqd 
P rogram Voltage 


-46 


-48 

V 

V|L4P 

Pulsed Input Low Vqg 
V oltage 


-35 


-40 

V 


Note 4: loDP hows only during Vdq, Vqq on time. IdDP should not be allowed to exceed 300 mA for greater than 100/us. Average 
power supply current I DPP is typically 40 mA at 20% duty cycle. 

Note 6: The Vg0 supply rhust be limited to 100 m A max current to prevent damage to the device. 


programming operation ac characteristics 

Ta = 25“ C, Vqc = OV, Vbb “ 12V ±10%, CS = OV unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Duty Cycle (Vdd. Vgg) 




20 

% 

t0PW 

Program Pulse Width 

Vgg = -35V, V^g = 
Vprog - —48V 



3 

ms 

tow 

Data Set-Up Time 


25 



ius 

■^DH 

Data Hold Time 


10 



MS 

tvw 

VqD' Vgg Set-Up 


100 



MS 

Wd 

VpD' Vqg Hold 


10 


100 

MS 

^ACW 

Address Complement 
Set-Up 

(Note 6) 

25 



MS 

^ACH 

Address Complement 
Hold 

(Note 6) 

25 



MS 

^ATW 

Address True Set-Up 


10 



MS 

^ATH 

Address True Hold 


10 



MS 


Note 6: All 8 address bits must be in the complement state when pulsed Vpp and Vgg nnove to their negative levels. The addresses 
(0—255) must be programmed as shown in the timing diagram until data reads true, then over-programmed 4 times that amount. 
(Symbolized by X + 4x.) 
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programming operation switching time waveforms 


r BINARY COMPLEMENT \/ BINARY ADDRESS OF 
ADDRESS OF WORD Y WORD TO BE 
L TO BE PROGRAMMED A PROGRAMMED 


DATA INPUT “ ” 
(DEVICE % 

OUTPUT 

LINES) -46 TO ^ 


typical performance characteristics 


• dd Current vs Temperature 


Output Current vs VpD 
Supply Voltage 


Program Waveforms 



-2 -10 1 2 3 

OUTPUT VOLTAGE (V) 


50 60 70 80 90 tOO 


LOAD CAPACITANCE (pF) 


Access Time vs Temperature 


L 1 TTL LOAD 20 pFj 
Vcc=+5V 1 


m 20 30 40 50 60 70 80 90 
AM8IENT TEMPERATURE fC) 


MM1702A 








MM1702A 


operation of the MM1702A in program mode 


Initially, all 2048 bits of the ROM are in the "0" 
state (output low). Information is introduced by selec- 
tively programming "1's" (output high) in the proper bit 
locations. 

Word address selection is done by the same decoding 
circuitry used in the READ mode (see table for logic 
levels). All 8 address bits must be in the binary comple- 
ment state when pulsed N/po and Vqg move to their 
negative levels. The addresses must be held in their binary 
complement state for a minimum of 25jus after Vop and 
Vqg have moved to their negative levels. The addresses 
must then make the transition to their true state a 


MM1702A erasing procedure 

The MM1702A may be erased by exposure to high 
intensity short-wave ultraviolet light at a wavelength of 
2537A. The recommended Integrated dose (i.e., UV 
intensity x exposure time) is 6W sec/cm^. Examples of 
ultraviolet sources which can erase the MM1702A in 10 
to 20 minutes are the Model UVS-54 and Model S-52 
short-wave ultraviolet lamps manufactured by Ultra- 
Violet Products, Inc. (5114 Walnut Grove Avenue, 
San Gabriel, California). The lamps should be used with- 


minimum of lOps before the program pulse is applied. 
The addresses should be programmed In the sequence 
0—255 for a minimum of 32 times. The eight output 
terminals are used as data inputs to determine the 
information pattern in the eight bits of each word. A low 
data input level (-48V) will program a "1" and a high 
data Input level (ground) will leave a “0" (see table on 
page 4-4). All eight bits of one word are programmed 
simultaneously be setting the desired bit Information 
patterns on the data input terminals. 

During the programming, Vqg/ ^dd the Program 
Pulse are pulsed signals. 


out short-wave filters, and the MM1702A to be erased 
should be placed about one inch away from the lamp 
tubes. There exists no absolute rule for erase time. 
Establish a worst case time required with the equipment. 
Then over-erase by a factor of 2, i.e., if the device 
appears erased after 8 minutes, continue exposure for 
an additional 16 minutes for a total of 24 minutes. 
(May be expressed as x + 2x.) ' 




National 

Semiconductor 


MOS EPROMs 


MM2708, MM2704 8k and 4k UV Erasable PROM 


General Description 


The MM2708, MM2704 are high speed 8192/4096-bit 
UV erasable and electrically reprogrammable EPROMs 
ideally suited for applications where fast turn-around 
and pattern experimentation are important requirements. 

The MM2708, MM2704 are packaged in a 24-pin dual-in- 
line package with transparent lid. The transparent lid 
allows the user to expose the chip to ultraviolet light to 
erase the bit pattern. A new pattern can then be written 
into the devices by following the programming procedure. 

The MM2708, MM2704 is fabricated with the reliable, 
high volume, time proven, N-channel silicon gate 
technology. 


Features 

■ 1024 X 8 organization (MM2708) 

■ 512 X 8 organization (MM2704) 

■ 800 mW max 

■ Low power during programming 

■ Access time— 450 ns max 

■ Standard power supplies: 12V, 5V, — 5V 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-STATE® output 


Block and Connection Diagrams 


Dual-In-Line Package 



Pin Connection During Read or Program 

number 


MODE 

9-11, 13-17 

12 

18 

19 

20 

21 

24 

Read 

DOUT 

Vss 

Vss 

VdD 

V|L 

VbB 

Vcc 

Program 

Din 

Vss 

Pulsed 

V|HP 

VdD 

V|HW 

VbB 

vcc 



Order Number MM2708Q or MM2704Q 
See Package 21 

Order Number MM2708JQ or MM2704JQ 
See Package IOC 

Note. MM2704: Pin 22 = Vss 
MM2708: Pin 22 = A9 

Pin Description 

AO— A9 Address inputs 

on —08 Data outputs 

CS/WE Chip select/write enable input 
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MM2708, MM2704 




MM 2708, MM 2704 


Absolute Maximum Ratings (NoteD 

“25°C to +85°C 
-65°Cto+125°C 
20V to -0.3V 
15V to -0.3V 


Temperature Under Bias 
Storage Temperature 
Vqd with Respect to Vbb 
V cC and Vss with Respect to VgB 
All Input or Output Voltages with 
Respect to Vbb During Read 


CS/WE Input with Respect to Vbb 

During Programming 20V to —0.3V 

Program Input with Respect to Vbb 35V to -0,3V 
Power Dissipation 1.5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 


15V to -0.3V 


Read Operation 
DC Operating Characteristics 

Ta = 0°C to +70°C, Vcc 5V ±5%, V^p = 12V ±5%, Vbb “5V ±5%, Vss = OV, unless otherwise noted, (Note 3) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ILI 

Address and Chip Select Input 
Sink Current 

V|N = 5.25V or V|N = V|L 


1 


iuA 

•lo 

Output Leakage Current 

VOUT = 5.25V, CS/WE = 5V 


1 


ma 


Vqd Supply Current 

Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5 V,Ta = 0°C 


44 


mA 

•cc 

Vcc Supply Current 

Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5 V,Ta = 0°C 


7 


mA 


Vbb Supply Current 

Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5V, Ta = 0°C 


34 


mA 


Input Low Voltage 


Vss 


0.65 

V 

V,H 

Input High Voltage 


3.0 



V 

vqhi 

Output High Voltage 

\O^ = -^00|IA 

3.7 



V 

VqH2 

Output High Voltage 

IQH = -1 

2.4 



V 

VOL 

Output Low Votlage 

lOL “ 1 -5 



0.45 

V 

Pd 

Power Dissipation 




800 

mW 


AC Electrical Characteristics 

Ta = 0°C to +70° C, Vcc = 5V ±5%, Vqd = 12V ±5%, Vbb “ ~5V ±5%, V$S OV, unless otherwise noted 



PARAMETER 

tACC 

Address to Output Delay 

tco 

Chip Select to Output Delay 

tDF 

Chip Deselect to Output Delay 

tOH 

Address to Output Hold 


CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

, 


450 

ns 



120 

ns 

0 


120 

ns 

0 



ns 


Output Load: 1 TTL Gate and Cl = 100 pF, 
Input Rise and Fall Times < 20 ns: Timing 
Measurement Reference Levels: 0,8V 
and 2.8V for Inputs; 0.8V and 2.4V for 
Outputs, Input Pulse Levels: 0.65V to 3V 


CAPACITANCE, (Note 2) 


C|N 

Input Capacitance 

V|N = OV, Ta = 25°C, f = 1 MHz 


4 

6 

PF 

Gout 

Output Capacitance 

VoUT = OV, Ta = 25°C, f = 1 MHz 


8 

12 

pF 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. Ta == 25° C, f = 1 MHz 

Note 3: Typical conditions are for operation at: Ta = 25°C, Vqc 5V, Vqq = 12V, Vge = — 5V, and Vss ^ 
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Switching Time Waveforms 



Programming Instructions 

initially, and after each erasure, all bits of the MM2708, 
IVIM2704 are in the "1" state (output high). Information 
is introduced by selectively programming "0" into the 
desired bit locations. A programmed "Q" can only be 
changed to a “1" by UV erasure. 


The circuit is set up for programming operation by 
raising the CE/WE input (pin 20) to +12V. The word 
address is selected in the same manner as in the read 
mode. Data to be programmed are presented, 8 bits in 
parallel, to the data output lines (01—08). Logic levels 
for address and data lines and the supply voltages are 
the same as for the read mode. After address and data 
set up, one program pulse per address is applied to the 
program input (pin. 18). One pass through all addresses 
is defined as a program loop. The number of loops (N) 


required is a function of the program pulse width (tpw) 
according to N x tpw >100 ms. 

The width of the program pulse is from 0.1 to 1 ms. The 
number of loops (N) is from a minimum of 100 (tpw = 
1 ms) to greater than 1000 (tpyy = 0.1 ms). There must 
be N successive loops through all 1024 addresses. It is 
not permitted to apply N program pulses to an address 
and then change to the next address to be programmed. 
Caution should be observed regarding the end of a pro- 
gram sequence. The CS/WE falling edge transition must 
occur before the first address transition when changing 
from a program to a read cycle. The program pin should 
also be pulled down to Vj|_p with an active instead of a 
passive device. This pin will source a small amount of 
current (l|PL) when CS/WE is at V|HW (12V) and the 
program pulse is at V||_p. 


Programming Characteristics 

Ta = 25°c, Vcc = 5V ±5%, Vdd = 1 2V ±5%, Vbb = -5V ±5%, Vss = OV, unless otherwise noted 

DC Programming Characteristics 



PARAMETER 

COWDITIONS 

MIN 

TYP 

MAX 

UNITS 

*LI 

Address and CS/WE Input 
Sink Current 

VjN = 5.25V 



10 

jtiA 

l|PL 

Program Pulse Source Current 




3 

mA 

l|PH 

Program Pulse Sink Current 




20 

mA 

•dd 

Vdd Supply Current 

Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5 V,Ta = 0°C 


44 

65 

mA 

Icc 

Vcc Supply Current 

Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5 V,Ta = 0°C . 


7 

10 

mA 

Ibb 

Vbb Supply Current 

Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5V, Ta = o°c 


34 

45 

mA 

V|L 

Input Low Level (Except 
Program) 


Vss 


0.65 

V 

V|H 

Input High Level, All 
Addresses and Data 


3.0 


vcc+1 

V 

ViHW 

CS/WE Input High Level 

Referenced to Vss 

11.4 


12.6 

V 

VlHP 

Program Pulse High Level 

Referenced to Vgg 

25 


27 

V 

V|LP 

Program Pulse Low Level 

V|HP — Vj |_p = 25V Min 

Vss 


1 

V 
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MM2708, MM2704 


AC Programming Characteristics 



PARAMETER 

CONDITIONSf 

MIN 1 

TYP 

MAX 

UNITS 

tAS 

Address Set-Up Time 


10 



MS 

‘css 

CS/WE Set-Up Time 





MS 

tDS 

Data Set-Up Time 


10 



MS 

tAH 

Address Hold Time 


1 



MS 

tCH 

^/WE Hold Time 


0.5 



MS 

tDH 

Data Hold Time 


1 



MS 

tDF 

Chip Deselect to Output Float Delay 


0 


120 

MS 

tDPR 

Program to Read Delay 




10 

MS 

tpw 

Program Pulse Width 


0.1 


1.0 

ms 

tPR 

Program Pulse Rise Time 


0.5 


2.0 

MS 

tpF 

Program Pulse Fall Time 


0.5 


2.0 

MS 


Programming Waveforms 


ADDRESS 


DATA 


PROGRAM 

PULSE 


READ 



Note 1 : The CS/WE transition must occur after the program pulse transition and before the address transition. 
Note 2: Numbers in parentheses indicate minimum timing in microseconds unless otherwise specified. 
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MM4203/MM5203 


Semiconductor 


MOS EPROMs 


MM4203/MM5203 electrically programmable 
2048 -bit read only memory (pROM) 
general description 

The MM4203/MM5203 is a 2048-bit static read- ■ Pin compatib 

only memory which is electrically programmable programmabi 

and uses silicon gate technology to achieve bipolar ■ static operat 

compatibility. The device is a non-volatile memory n Common dat 

organized as a 256-8-bit words or 512-4-bit words. _ ^ 

Programming of the memory contents is accom- 
pushed by storing a charge m a cell location by 

programming that location with a 50 volt pulse. " Chip select oi 

Separate output supply lead is provided to reduce ■ 256 x 8 or 51 

internal power dissipation in the output stage 

(Vll). applicatioi 


features 

■ Field programmable 

■ Bipolar compatibility 

■ High speed operation 


+-5V, -12V operation 
1/is max access time 


Pin compatible with MM5213, Ml\/I5231 mask 
programmable ROMs 
Static operation — no clocks required 
Common data busing (TRI-STATE® output) 
"Q" quartz lid version erasable with short wave 
ultra-violet light (i.e. 253.7 n.m.) 

Chip select output control 
256 X 8 or 512 X 4 organization 


applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Micro-programming 


block and connection diagrams 


Duai-I n-Line Package 



typical applications 

2S6 X 8 PROM Showing TTL Interface 




Order Number MM4203D or MM5203D 
See Package 6 

Order Number MM4203Q or MM5203Q 
See Package 21 


Operating Modes 

256 X 8 ROM connection (shown) 

Mode Control - HIGH (Voq) 

Ag - LOW 

512 X 4 ROM connections 

Mode Control - LOW (GND or Vqq) 

Ag — Logic HIGH enables the odd (Bi , Bg.. 87) outputs 

- Logic LOW enables the even (B2, B4. Bg) outputs 

The outputs are enabled when a logic LOW is applied to 
the Chip Select line. 

Programming is accomplished in 256 x 8 mode only. 


Note: For programming information see AN-100. 


4-12 



absolute maximum ratings 

All Input or Output Voltages with 

Respect to Vgs Except During Programming +.3V to ~20V 
Power Dissipation 1W 

Operating Temperature Range MM4203 -:55°C to 85®C 

MM5203 0®Cto70°C 


Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-65 Cto 125 C 
300*^C 


electrical characteristics t^ within operating temperature range, 

Vgs = +BV ±5%, Vdd ~ Vll “ -12V, ±5%, Vb 0 = PROGRAM = Vss unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Input Current, I m 

> 

o 

II 

7i 

> 


1 

\i.h 

Output Leakage, 1 Lo 

VouT = 0V CS = Vss -2.0 


1 

IxA 

Power Supply Current, Iqs 

Ta =25°C '^ = Vss -2.0 

35 

55 

mA 

Input LOW Voltage, V|L 


o 

% 

> 

p 

'T 

> 

V 

Input HIGH Voltage, V|h 


Vss - 2.0 

Vss + .3 

V 

Output LOW Voltage, Vql 

1.6 mA sink -12.6V < Vll <-3V 


;40 

V 


Vll = -3-OV Vqut = -1 OV (Note 8 ) Ta = 0°C 

3.5 

6.0 

mA 

Output Clamp Current, Icp 

Vll = -12.6V Vqut = -1-OV (Note 8 ) Ta = O'^C 

8.0 

15.0 

mA 

Output HIGH Voltage, Vqh 

0.8 mA source 

2.4 


V 

Data Hold Time, Tqh 

(Min Access Time) Figures 1 & 2 


100 

ns 

Access Time, T^cc 

Ta = 25'’C Figures 1 & 2 (Note 6) 

.700 

1 

MS 

Chip Select Time, Tco 

Figures 1 & 3 


500 

ns 

Chip Deselect Time, Tqd 

Figures 1 & 3 


500 

ns 

Allowable Chip Select Delay, tcs 

Figures 1 & 2 


100 

ns 


Allowable delay in selecting chip after change 





of address without affecting access time. 




Input Capacitance, C|N 

V|N ~ Vss I ... 

8 

15 

pF 


> f =• 1.0 MHz (Note 2) 




Output Capacitance, Cqut 

Vqut = Vss / 

/ 8 

15 

pF 


CS = Vss - 2.0 





programming characteristics (see Figure 4) 

Ta = 25°C, Vss = OV, Vbb “ +12V ±10%, CS = OV unless otherwise noted 

PARAMETER 1 CONDITIONS 


Address and Data Input Load Current, Ild 

Program Load Current, I Lp 

VgB Supply Load Current, Ilb 

Peak Idq Supply Load Current I ldd (Note 3) 

Input High Voltage, V|HP 

Address and Data Input Low Voltage, V|lp 

Pulsed Input Low Voltage; 

Vdd. Program, Vdlp 
Vll 

Vqd Pulse Duty Cycle 
Program Pulse Width, tpw (Note 4) 

Data and Address Set Up Time, tow 
Data and Address Hold Time, toH 
Pulsed Voo Supply Overlap, tss 
Pulsed Vqo Supply Overlap, tgH 

VoD- Program, Address, and Input Rise 
and Fall Times 


CONDITIONS MIN 

TYP 

MAX 

UNITS 

V,N = -50V 

0 

10 

mA 

V,N =-50V 

0 

10 

mA 


0 

10 

mA 

Vqd ~ Vp,^ogram - “50V 

650 


mA 

-2 


+.3 

V 

-50 


-40 

V 

-50 


-48 

V 

(Note 5) -50 


0 

V 



2 

% 

Vqo ~ Vprogram ““50V 


20 

ms 

1 



MS 

'' 0 



MS 

1 


100 

MS 

' ' ' -.1 


3', ! 

ms 



",1 

MS 


Motel; During programming, data is always applied in the 256x8 mode, regardless of, the logic state of Ag and MODE 
CONTROL. 

Note 2: Capacitances are not tested on a production basis but are periodically sampled. 

Note 3: loop flows only during program period Ipyyp. Averagepowersupply current I ldq is typically 15 mA at 2% duty cycle. 
Note 4: Maximum duty cycle of tpyy should not be greater than 2% of cycle time so that power dissipation is minimited. The 
program cycle should be repeated until the data reads true, then over-program three times that number of cycles (symbolized 
as X+3X programming. 

Note 5: Vll is not needed during programming but may be tied to Vqd for convenience. 

Note 6: TyxCC ^ 1000 ns + 25(N-1) where N is the number of chips wired-OR together. 

Note 7: Measured under continuous operation. 

Note 8: IcF flows out the Vll pin. it does not flow out the Vqd pin. 
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MM4203/MM5203 


access time diagrams 


+5-0V +5% 



Figure 1 



CHIP SELECT 


\ 



Vss-2.0V 

Vss-4.0V 



DATA VALID 


■ DATA OUT 
MOT VALID 



Figure 3 


program waveforms 
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operation of the MM4203/MM5203 in program mode 


Initially, all 2048 bits of the MM4203/MM5203 
are m the HIGH state. Information is introduced 
by selectively programming LOWS in the proper 
bit locations. (Note!) 

Word address selection is done by the same decod- 
ing circuitry used in the Read mode. The eight 
output terminals are used as data inputs to deter- 
mine the information pattern in the eight bits of 
each word. A LOW data input level (-50V) will 
leave a HIGH and a HIGH data input level will 
allow programming of a LOW All eight bits of one 
word are programmed simultaneously by setting 
the desired bit information patterns on the data 
input terminals. The duty cycle of the Vdd pulse 
(amplitude and width as specified on page 4) 
should be limited to 2%. The address should be 
applied for at least 1 jus before application of the 
Program pulse. In programming mode, data inputs 


1-8 are pins 4-11 respectively regardless of the 
logic state of Ag and mode control. Chip select 
should be disabled (HIGH). 

Positive logic is used during the read rriode for 
addresses and data out. Address 0 corresponds to 

all address inputs at V,l and address 255|o cor- 
responds to all address Inputs at V|^^. A “1" or a 
P at a data output corresponds to Vqh- A "0” or 
an N at a data output corresponds to \/Q^_. Posi- 
tive logic is also used during the programming mode 
for addresses. Address 0 corresponds to all address 
inputs at V,Lp and address 255 iq corresponds to 
all address inputs at V|Hp. 

Negative logic is used during the programming mode 
for data in. A "1" or a P at a data input corres- 
ponds to V|L,p. A "0” or an N at a data input 
corresponds to V|Hp. 


MODE 

DATA AND ADDRESS LINES 
HIGH LOW 

Vss 

Vbb 

VdD 

PROGRAM 

cs 

Vll 

Read 

Vss-2.0 

Vss - 4.0 

+5 

Vss 

-12 

Vss 

Vss-4V 

-3V to~12V 

Program 

Vss-2.0 

Vss-40 

GND 

+ 12 

-48 

(Pulse) 

-48 

(Pulse) 

GND 

GNOto 50V 


erasing procedure 


The MM4203Q/MM5203Q may be erased by 
exposure to short-wave ultraviolet light— 253.7 nm. 
There exists no absolute rule for erasing time or 
distance from source. The erasing equipment 
output capability should be calibrated. Establish a 
worst-case time required with the equipment. 
Then over-erase by a factor of 2, i.e , if the device 
appears erased after 8 minutes, continue exposure 
for an additional 16 minutes for a total of 24 


minutes. Examples of UV sources include the 
Model UVS-54 and Model S-2 manufactured by 
Ultra-Violet Products, Inc. (5114 Walnut Grove 
Avenue, San Gabriel, California). The lamps 
should be used without short-wave filters. The 
MM4203/MM5203 should be placed about one 
inch away from the lamp for about 20—30 
minutes. 


preferred tape format 


The custom patterns may be sent in on a Telex or 
submitted as a paper tape in a 7 bit ASCII code 


from model 33 teletype or TWX. The paper tape 
should be as the following example: 


_ Carriage return line feed 
allowed between F and B. 


for telex (at least 
25 frames.) 


Start Character — —1 Stop Character —*—T / Data Field* MSB (Pin 11) LSB (Pin 4) 

Leader: Rubout for f ff | 1 j[ j Trailer: Robout fo 

S! BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF 


LSB (Pin 4) 

Trailer: Robout for 


All Address Inputs LOW 


All Address Inputs HIGH 


*Data Field: Must have only P's or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N 
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start 
character. If an error is made in preparing a tape the entire word including the B and F start and stop characters must 
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0, 
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alternate format [Punched Tape (Note 1) or Cards] 



Note 1: The code is a 7-bit ASCII code on 8 punch tape. The tape 
should begin and end with 25 or more "RUBOUT" punches. 

Note 2; The ROM input address is expressed in decimal form and is 
preceded by the letter A. 

Note 3: The total number of "1" bits in the output word. 

Note 4: The total number of "1" bits in each output column or bit 
position. 


typical performance characteristics 


Maximum Supply Current Iss 
as a Function of Temperature 



’50 -25 0 25 50 75 100 125 


Maximum Access Time (T/\ccJ 
as a Function of Vqq Supply 
Voltage 



-9 -10 -11 -12 -13 


Ta(°C) 


Vdd (Volts) 
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National 

Semiconductor 


M OS EPROMs 


MM4204/MM5204 

electrically programmable 4096-bit read only memory (EPROM) 


general description 

The MM4204/MM5204 Is a 4096-bit static Read Only 
Memory which is electrically programmable and uses 
silicon gate technology to achieve bipolar compatiblity. 
The device is a non-volatile memory organized as 512 
words by 8 bits per word. Programming of the memory 
is accomplished by storing a charge in a cell location by 
applying a —50V pulse. A logic input, "Power Saver," is 
provided which gives a 5:1 decrease in power when the 
memory is not being accessed. 

features 

■ Field programmable 

■ Fast program time: ten seconds typical for 4096-bits 

■ Fast access time 

MM4204 1.25ms 

MM5204 1ms 

■ DTL/TTL compatibility 


■ Standard power supplies 5,0V, -1 2V 

■ Static operation— no clock required 

■ Easy memory expansion— TRI-STATE® output Chip 
Select input (CS) 

■ "Q" quartz lid version erasable with short wave ultra- 
violet light (i.e., 253.7 nm) 

■ Low power dissipation 

■ "Power Saver" control for low power applications 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 

■ Electronic keyboards 


block and connection diagrams 


Dual-ln-Line Package 


input 

BUFFERS 


POWER SAVER- 







Vae— — 


X 

DECODER 


4096-BIT 

EROWI 

MATRIX 

S12xB 

4 " ” " Vdo 
4— !“Vbb 

4-^Vss 
^ 4 

4 PROGRAM 

2 

POWER SAVER — 

CHIP SELECT -i- 
4 

PROGRAM — 
Ao ® 




V 








y DECODER 


INPUT 

BUFFERS 

4-11-A, 

4-^Ab 

AaJL 

A3-2. 


CONTROL 

CIRCUITS 


l> 




A,J. 




OUTPUT BUFFERS 




Asii 

Aeii 





2 



Vssii 



®2 83 B4 


TOP VIEW 

Order Number MM4204D 
orlVIM5204p 
See Package 6 
Order Number MM4204Q 
or MM5204Q 
See Package 21 
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absolute maximum ratings (Note i) 

All Input or Output Voltages with 

Respect to Vbb Except During Programming +0.3V to ~20V 

Power Dissipation 750 mW 

Operating Temperature Range 

MM5204 0°Cto+70°C 

MM4204 -55°C to +85°C 

Storage Temperature Range to +125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


dC electrical characteristics T^ within operating temperature range, Vll = 0V,Vbb = program = Vss 

MM4204: Vss = 5.0V ±10%, VpD = “12V ±10%, MM5204: Vgg = 5.0V ±5%, VpD =“12V±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

(Note 7) 

MAX 

UNITS 

V,L 

Input Low Voltage 


Vss-14 


Vss-4.2 

V 

V,H 

Input High Voltage 


Vss“1 -5 


Vss+0.3 

V 

lu 

Input Current 

< 

z 

II 

o 

< 



1.0 

HA 

VoL 

Output Low Voltage 

Iql ^ 1-6 rnA 

Vll 


0.4 

V 

I 

o 

> 

Output High Voltage 

Iqh ~ ~T).8 mA 

2.4 


Vss 

V 

Ilo 

Output Leakage Current 

VoUT = 0V, ^ = V,H 



1.0 

iuA 

•dd 

Power Supply Current 

MM5204 Ta = 0°C, ^ = V,h, Power Saver = V,l 


28 

40.0 

mA 



MM4204 Ta = 0°C, CS = V|h, Power Saver = V|l 



50.0 

mA 



MM5204 Ta = 0°C, CS = V,h, Power Saver = V,h 


6.0 

8.0 

mA 



MM4204 Ta = 0°C, ^ = V,h, Power Saver = V,h 



10.0 

mA 

•ss 


MM5204 Ta = 0°C, ^ = V,h. Power Saver = V,l 



42 

mA 



MM4204 Ta = 0°C, ^ = V,h, Power Saver = V,l 



52 

mA 



MM5204 Ta = 0°C, CS = V|h, Power Saver = V^ 



10 

mA 



MM4204 Ta = 0°C, CS = V,h, Power Saver = V|h 



12 

mA 


ac electrical characteristics within operating temperature range, V|_|_ = OV, Vbb “ PROGRAM ” Vss 
MM4204: Vgs = 5.0V ±10%, Vod = “'•2V ±10%, MM5204: Vgs = 5.0V ±5%, VpD = “12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

(Note 7) 

MAX 

UNITS 

tACC 

Access Time 







MM 5204 

Ta = l(f C,( Figure 1), (Note 4) 


0.75 

1.0 

jUS 


MM 4204 

Ta = 85°C, (Figure 1), (Note 4) 



1.25 

/is 

Vo 

Power Saver Set-Up Time 







MM5204 

(Figure 1) 



1.8 

iUS 


MM4204 

(Figure 1} 



2.0 

/iS 

tco 

Chip Select Delay 







MM 5204 

(Figure 1} 



500 

ns 


MM4204 

(Figure 1) 



600 

ns 

1^0 H 

Data Hold Time 

(Figure 1) 

30 

50 


ns 

toDC 

Chip Select Deselect Time 







MM 5204 

(Figure 1) 

30 

300 

500 

ns 


MM4204 

(Figure!) 

30 

300 

600 

ns 

toDP 

Power Saver Deselect Time 







MM 5204 

(Figure 1) 

30 

300 

500 

ns 


MM 4204 

(Figure!) 

30 

300 

600 

ns 

Cum 

input Capacitance (All Inputs) 

V|N = Vss, f = TO MHz, (Note 2) 


5.0 

8.0 

PF 

CoUT 

Output Capacitance 

VouT = Vss, ^ = V,H, f = TO MHz, 


8.0 

15 

pF 


(All Outputs) 

(Note 2) 
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programmer electrical characteristics t* = 25°c, Vss = cs = Power saver = ov, Vll = ov to -uv, 


unless otherwise specified, (see 2), (Note 5). 

PARAMETER 

CONDITIONS 

MIN 

TYP 

(Note 7) 

MAX 

UNITS 

•ld 

Data Input Load Current 

V,n=-18V 



-10 

mA 

Iald 

Address Input Load Current 

V,N = -50V 



-10 

mA 

•lp 

Program Load Current 

V,n=-50V 



-10 

mA 

Ilbb 

Vbb Toad Current 




50 

mA 

*LDD 

Vdd Load Current 

Vdd = PROGRAM = -50V 



-200 

mA 

V.HP 

Address Data and Power Saver 


-2.0 


0.3 

V 


Input High Voltage 






V.tP 

Address input Low Voltage 


-50 


-11 

V 


Data Input Low Voltage 


-18 


-11 

V 

VpHP 

Vqd and Program High Voltage 


-2.0 


0.5 

V 

VqlP 

Vdd and Program Low Voltage 


-50 


-^8 

V 

^BLP 

Vbb Low Voltage 


0 


0.4 

V 

Vbhp 

Vbb High Voltage 


11.4 


12.6 

V 


Pulse Duty Cycle 




25 

% 

tpw 

Program Pulse Width 


0.5 


5.0 

ms 

^DS 

Data and Address Set-Up Time 


40 



JUS 

toH 

' 

Data and Address Hold Time 


0 



fiS 

tss 

Pulsed VpD Set-Up Time 


40 


100 

JUS 

tSH 

Pulsed Vdd Hold Time 


1.0 



JUS 

tes 

Pulsed Vbb Set-Up Time 


1.0 



US 


Pulsed Vbb Hold Time 


1.0 



jUS 

^PSS 

Power Saver Set-Up Time 


TO 



MS 

fpSH 

Power Saver Hold Time 


1.0 



MS 

tR . tp 

Vdd. Program, Address and Data 
Rise and Fall Time 




1.0 

MS 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used except on data inputs during programming 
Logic "1" = most positive voltage level 
Logic "0" = most negative voltage level 

Note 4 : tACC ~ 1000 ns + 25 (N-1 ) where N is the number of devices wire— OR 'd together. 

Note 5: The program cycle should be repeated until the data reads true, then over-programmed 5 times that number of cycles. (Symbolized as 
X + 5X programming). 

Note 6: The E ROM is initially programmed with all "O's." A V|np on any data input BO— B7 will leave the stored "O' s" undisturbed, and a V|[_p 
on any data input BO— B7 will write a logic "1" into that location. 

Note 7: Typical values are for nominal voltages and T/\ = 25°C, unless otherwise specified. 

erase specification 

The recommendeci dosage of ultraviolet light exposure is 6W sec/cm2. 

programming 

The IVIM4204/MI\/I5204 is normally shipped in the un- address inputs AO— A8. Data inputs are BO— B7 and 

programmed state. All 4096-bits are at logic “0" state, write operation is controlled by pulsing the Program 

The table of electrical programming characteristics and input. Since the EROM is initially shipped with all "O's,” 

Figure 2 give the conditions for programming of the a Vihp on any data input BO— B7 will leave the stored 

device. In the program mode the device effectively "O's'' undisturbed and a V|lp on any data input BO— B7 

becomes a RAM with the 512 word locations selected by will write a logic "1" into that location. 
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programming (cont.) 


National offers programmer options with both the 
IMP16-P and the PACE IPC-16P Microprocessor Devel- 
opment Systems. 

Microprocessor System Programmer Part Number 

IMP16-P IMP-16P/805 

IPC-16P IPC-16P/805 


Contact the local sales office for further information. 
There are also several commercial programmers available 
such as the Data I/O Model V. 

Most National distributors have programming capabili- 
ties available. Those distributors should be contacted 
directly to determine which data entry formats are 
available. 

In addition, data may be submitted to National Semi- 
conductor for factory programming. One of the follow- 
ing formats should be observed: 


preferred format 

The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCII code from model 33 tele- 
type or TWX. The paper tape should be as the following example: 



Trailer; Rubout for 
TWX or letter Key 
for telex (at least 
25 frames). 


*Data Field: Must have only P',s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N characters between 
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre- 
paring a tape the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be 
entered beginning with word 0. 


alternate format [Punched Tape (Note 1) or cards] 



Note 1: The code is a 7-bit ASCII code on 8 punch tape. The 
tape should begin and end with 25 or more "RUBOUT" punches. 
Note 2: The ROM input address is expressed in decimal form 
and Is preceded by the latter A. 

Note 3: The total number of "1" bits in the output word. 
Note 4: The total number of "1” bits in each output column or 
bit position. 


erasing procedure 

The MM4204Q/MM5204Q may be erased by exposure 
to short-wave ultraviolet light— 253.7 nm. There exists 
no absolute rule for erasing time or distance from 
source. The erasing equipment output capability should 
be calibrated. Establish a worse case time required with 
the equipment. Then over-erase by a factor of 2,i.e., if 
the device appears erased after 8 minutes, continue 


exposure for an additional 16 minutes for a total of 24 
minutes. Examples of UV sources include the Model 
UVS-54 and Model S-52 manufactured by Ultra-Violet 
Products, Inc. (5114 Walnut Grove Avenue, San Gabriel, 
California). The lamps should be used without short- 
wave filters. The MM4204/MM5204 should be placed 
about one inch away from the lamp for about 20—30 
minutes. 
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jES Semiconductor 

PROM programming procedure 

These parts are shipped from the factory with ail fuses 
intact. As a result, the outputs will be low (logical "0”) 
for ail addresses. In order to generate a high level on the 
outputs, the part must be programmed. Information on 
available programming equipment may be obtained from 
National. However, If it is desired to build your own 
programmer, the following conditions must be observed. 

1. Programming should be attempted only at tempera- 
tures between 15°C and 30°C. 

2. Addresses and chip enable pins must be driven from 
normal TTL logic levels during both programming 
and verification. 

3. Programming will occur at a selected address when 
Vcc is held at 10.5V, the appropriate output is held 
at 10.5V and the chip is subsequently enabled. To 
achieve these conditions in the appropriate sequence, 
the following procedure must be followed: 

a) Select the desired word by applying a high or low 
level to the appropriate address inputs. Disable the 
chip by applying a high level to one or both enable 
inputs. 

b) Increase Vqc fo 10.5V ±0.5V with the rate of 
increase being between 1.0 and lO.OV/^ts. Since 
Vcc supplies the current to program the fuse as 
well as the Icc of the device at programming 
voltage, it must be capable of supplying 400 mA 
at 11.0V. 

c) Select the output where a high level is desired by 
raising that output voltage to 10.5V ±0.5V. Limit 
the rate of increase to a value between 1.0 and 
IO.OV/ais. This voltage change may occur simul- 
taneously with the increase in Vqc but must not 
precede it. It is critical that only one output at a 
time be programmed since the internal circuits can 
only supply programming current to one bit at a 
time. Outputs not being programmed must be left 


Bipolar PROMs 


open or tied to a high impedance source of at least 
20 kS2. (Remember that the outputs of the device 
are still disabled at this time because the chip 
enables are high.) 

d) Enable the device by taking both chip enables to a 
low level. This is done with a pulse of IOjlis. The 
lOjus duration refers to the time that the circuit is 
enabled. Normal input levels are used and rise and 
fall times are not critical. 

e) Verify that the bit has been programmed by first 
removing the programming voltage from the 
output and then reducing Vqc to 4.0V ±0.2V. 
Verification at a Vqc f®vel of 4.0V will guarantee 
proper output states Over the Vqc and tempera- 
ture range of the programmed part. The chip 
must be enabled to sense the state of the outputs. 
During verification, the loading of the output 
must be within specified loL 3od Iqh limits. 
Steps b, c and d must be repeated 10 times or 
until verification that the bit has programmed. 

f) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. 
The programming procedure is now complete for 
the selected bit. 

g) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is 
performed on an automatic programmer, the duty 
cycle of Vcc at programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize chip junction temperatures. After ail 
selected bits are programmed, the entire contents 
of the memory should be verified. 

Note: Since only an enabled chip is programmed, it is 
possible to program these parts at the board level if ail 
programming parameters are complied with. 


Programming Parameters Do not test or you may program the device. 


PARAMETERS 

conditions 

MIN 

RECOMMENDED 

VALUE 

MAX 

UNITS 

VCCP 

Required Vqc for Programming 


10.0 

10.5 

11.0 

V 

'CCP 

Ice During Programming 

Vcc=11V 

600 


750 

mA 

VOP 

Required Output Voltage for Programming 


10.0 

10.5 

11.0 

V 

'OP 

Output Current while Programming 

VoUT=f1V 



20 

mA 

tRR 

Rate of Voltage Change<of Vqc or Output 


1.0 


10.0 

V/ms 

PWE 

Programrning Pulse Width (Enabled) 


9 

10 

11 

MS 

vccv 

Required Vec for Verification 


3.8 

4.0 

4.2 

V 

Moc 

Maximum Duty Cycle for Vqc at Vqcp 



26 

25 

% 


Programming Waveforms 


Tt = 1 00 ns min 

T2 = 5jus min (T2 may be > 0 if V^cp rises at the same rate or faster than Vqp) 
T3 = 100 ns min 
T4 - 100 ns min 
T5 = 100 ns min 


•PyvE 'S repeated for 5 additional pulses after verification of Vqh indicates 
a bit has programmed 
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DM54S188/DM74S188, DM54S288/DM74S288 


National 
Semiconductor 


Bipolar PROMs 


-A 


DM54S188/DM74S188 open-collector 256-bit PROM 
DM54S288/DM74S288 TRI-STATE® 256-bit PROM 


.A' . 


general description 

These Schottky PROM memories are organized in the 
popular 32 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE® versions and are available as ROM's as 
well as PROM's. 




features 

■ Advanced titanium-tungsten (Ti-W) fuses 


■ Schottky-clamped for high speed 
Address access— 30 ns max 
Enable access— 20 ns max 


PNP inputs reduce input loading 


■ All dc and ac parameters guaranteed over temperature 


PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


Low voltage TRI-SAFE programming 


Board level programming 


Military Commercial 


Open- 

Collector 


TRI-STATE Package 


block diagram 


connection diagram 


Dual-In-Line Package 





07 06 05 


03 02 01 


logic symbol 
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absolute maximum ratings (Note i ) 

Supply Voltage (Note 2) -0.5V to -»-7V 

Input Voltage (Note 2) -1 .2V to +5.5V 

Output Voltage (Note 2) ~G-5V to +5.5V 

Storage Temperature -65“C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°G 


operating conditions 



MIN 

MAX 

UNITS 

Supply Voltage (VqcI 

DM54S188, DM54S288 

4.5 

5.5 

V 

DM74S188, DM74S288 

4.75 

5.25 

V 

Ambient Temperature (T/\) 

DM54S188, DM54S288 

^55 

-M25 

°C 

DWI74S188, DM74S288 

0 

+70 

°c 

Logical "O” Input Voltage (Low) 

0 

0.8 

V 

Logical "1" Input Voltage (High) 

. 2.0 

5.5 

V 


dc electrical characteristics (Note 3) 


PARAMETER 

CONDITIONS 


DM74S188, 74S288 

UNITS 

MIN 


MAX 

MIN 

TYP 

MAX 

l|L 

Input Load Current, All Inputs 

Vcc = Max, V|N = 0.45V 


-80 



-80 

-250 

ma 

llH 

Input Leakage Current, All Inputs 

Vcc = Max, ViN = 2.7V 




■1 


25 

pA 

l| 

Input Leakage Current, All Inputs 

Vcc ~ Max, V|N = 5.5V 






1-0 

mA 

VOL 

Low Level Output Voltage 

Vcc “ Min, Iql "1® 


0.35 




0.45 

V 

V|L 

Low Level Input Voltage 







0.80 

V 

V|H 

High Level Input Voltage 


2,0 



2.0 

■i 


V 

ICEX 

Output Leakage Current 

Vcc = Max, VcEX " 2.4V 



50 



50 

juA 


(Open-Collector Only) (Note 5) 

Vcc ~ Max, VcEX 5.5V 



100 



100 

uA 

Vc 

Input Clamp Voltage 

Vcc " Min, l||\j = -18 mA 


-0.8 

-1.2 


EB 

-1.2 

V 

ClN 

Input Capacitance 

Vcc = 5V, V|N = 2V, Ta = 25°C, 
1 MHz 


4.0 



B 


pF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output 'OFF” 


6.0 





pF 

Icc 

Power Supply Current 

Vcc " Max, All Inputs Grounded, 
All Outputs Open 


70 

110 


B 

1 10 

mA 


TRI-STATE PARAMETERS 


•sc 

Output Short Circuit Current 
(Note 5) 

Vo = OV, Vcc “ Max, (Note 4) 

-20 


-70 


-45 

umii 

m A 

«HZ 

Output Leakage (TRI-STATE) 

Vcc ^ Max, Vq = 0.45 to 2,4V, 
Chip Disabled 



±50 




pA 

VOH 

Output Voltage High, (Note 5) 

Iqh = “2 mA 

2.4 

myi 





V 

IOH~“0-5mA 




mm 



V 



ac electrical characteristics (with standard load) 





DM54S188, 54S288 

DM74S188, 74S288 



PARAMETER 

CONDITIONS 

5 V ± 10%; -55° C to + 1 25° C 

5V ±5%; 0°C to +70°C 

UNITS 




MIN 

IQQI 

MAX 

MIN 

1 



tAA 

Address Access Time 



mm 

40 



ini^^ 

ns 

tEA 

Enable Access Time 



mm 

30 


mm 

IQH 

ns 

1ER 

Enable Recovery Time 



mm 

30 


wm 

■1 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vgc = 5V and Ta = 25° C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure VoH^ ICEX or Isc ®'^ ®'^ apply 10.5V to either AO (pin 10) or A4 (pin 14). 
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DM54S287/DM74S287, DM54S387/DM74S387 



National 

Semiconductor 


Bipolar PROMs 


DM54S287/DM74S287 TRI-STATE® 1024-bit PROM 
DM54S387/DM74S387 open-collector 1024-bit PROM 

features 

■ Advanced titanium -tungsten (Ti-W) fuses 


general description 

These Schottky memories are organized in the popular 
256 words by 4 bits configuration. Two memory enable 
inputs are provided to control the output states. When 
both enable inputs are in the low state, the outputs 
present the contents of the selected word. 

If either or both of the enable inputs is raised to a high 
state, it causes all four outputs to go to the "OFF" or 
high impedance state. The memories are available in 
both open-collector and TRI-STATE versions and are 
available as ROM's as well as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


■ Schottky-clamped for high speed 

Address access— 50 ns max 
Enable access— 25 ns max 

■ PNP inputs reduce Input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE^^ programming 

■ Board level programming 

■ ROM mates are DM74S1 87 and DM85S97 
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block diagram 


connection diagram 

Dual-ln-Line Package 
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TR I -STATE PARAMETERS 


Output Short Circuit Current 

Vq = OV, Vcc ~ Max, (Note 4) 

Output Leakage (TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 


Output Voltage High, (Note 5) 


IQH = -2 mA 
Iqh = -6.5 mA 


ac electrical characteristics (with standard load) 



tAA Address Access Time 


t£A Enable Access Time 


tER Enable Recovery Time 


(Figure 1} 


(Figure 2) 


(Figure 2) 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc “ 6V and Ta = 25°C. 

Note 4: During Isq measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh of ICEX part, apply 10.5V to both A7 and A2 (pin 15 and pin 7), 


DM54S287/DM74S287. DM54S387/DM74S387 


































































DM54S287/DM74S287, DM54S387/DM74S387 


standard test load 



Cl includes probe and jig capacitance. 


Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZoUT ” fr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

tAA is measured with both enable inputs at a steady 
low level. 

tEA tER S'"® rneasured from the 1.5V on in- 
puts and outputs with ail address inputs at a steady 
level and with the unused enable input at a steady 
low level. 


switching time waveforms 




FIGURE 1. Address Access Time 


FIGURE 2. Enable Access Time and Recovery Time 


typical performance characteristics 


Typical Switching Characteristics 
as a Function of Temperature 
( Vcc = 5V, Standard Load) 


Typical Switching Characteristics 
as a Function of V(;c I^a = 25° C, 
Standard Load) 


-55 25 1 

Ta ambient temperature rc) 




SUPPLY VOLTAGE (V) 


equivalent circuits 


Equivalent of Each Input 
Vcc 


I TRI-STATE Output 


Typical Open-Collector Output 
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equivalent circuits (con't) 


Programming Equivalent Circuit for One Memory Output 
(Applies to Ail NSC Generic Schottky PROMs) 



programming procedure 

These parts are shipped from the factory with all fuses 
intact. As a result, the outputs will be low (logical "0") 
for all addresses. In order to generate a high level on the 
outputs, the part must be programmed. Information on 
available programming equipment may be obtained from 
National. However, if it is desired to build your own 
programmer, the following conditions must be observed. 

1. Programming should be attempted only at tempera- 
tures between 15®C and 30°C. 

2. Addresses and chip enable pins must be driven from 
normal TTL logic levels during both programming 
and verification. 

3. Programming will occur at a selected address when 
Vcc 's at 10.5V, the appropriate output is held 
at 10.5V and the chip is subsequently enabled. To 
achieve these conditions in the appropriate sequence, 
the following procedure must be followed: 

a) Select the desired word by applying a high or low 
level to the appropriate address inputs. Disable the 
chip by applying a high level to one or both enable 
inputs. 


b) Increase Vqc to 10.5V ±0.5V with the rate of 
increase being between 1.0 and lO.OV/jUS. Since 
Vcc supplies the current to program the fuse as 
well as the Iqc the device at programming 
voltage. It must be capable of supplying 400 mA 
at 11.0 V. 

c) Select the output where a high level is desired by 
raising that output voltage to 10.5V ±0.5V. Limit 
the rate of increase to a value between 1.0 and 
lb.0V//jis. This voltage change may occur simul- 
taneously with the Increase in Vqc bot must not 
precede it. It is critical that only one output at a 
time be programmed since the Internal circuits can 
only supply programming current to one bit at a 
time. Outputs not being programmed must be left 
open or tied to a high impedance source of at least 
20 kl2. (Remember that the outputs of the device 
are still disabled at this time because the chip 
enables are high.) 



DM54S287/DM74S287, DM54S387/DM74S387 



DM54S287/DM74S287, DM54S387/DM74S 


00 

CO 


programming procedure (con't) 

d) Enable the device by taking both chip enables to a 
low level. This is done with a pulse of lOjus. The 
10/is duration refers to the time that the circuit is 
enabled. Normal input levels are used and rise and 
fall times are not critical. 

e) Verify that the bit has been programmed by first 
removing the programming voltage from the 
output and then reducing Vcc 4.0V ±0.2V. 
Verification at a Vqc level of 4.0V will guarantee 
proper output states over the Vqc end tempera- 
ture range of the programmed part. The chip 
must be enabled to sense the state of the outputs. 
During verification, the loading of the output 
must be within specified Iql end IqH hniits. 
Steps b, c and d must be repeated 10 times or 
until verification that the bit has programmed. 


f) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. 
The programming procedure is now complete for 
the selected bit. 

g) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is 
performed on an automatic programmer, the duty 
cycle of Vcc programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize chip junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 

Note: Since only an enabled chip is programmed, it is 
possible to program these parts at the board level if all 
programming parameters are complied with. 


pr09rdmmin9 pSramGterS Do not test or you may program the device. 


PARAMETERS 

CONDITIONS 

MIN 


MAX 

UNITS 

Vccp 

Required VcC Programming 


10.0 

10.5 

11.0 

V 

•CCP 

• CC During Programming 

Vcc = 11V 



400 

mA 

Vop 

Required Output Voltage for Programming 


10.0 

10.5 

11.0 

V 

lOP 

Output Current while Programming 

VoUT= 11V 



20 

mA 

tRR 

Rate of Voltage Change of Vqc o'" Output 


1.0 


10.0 

V/ms 

PWE 

Programming Pulse Width (Enabled) 


9 

10 

11 

MS 

vccv 

Required Vcc Verification 


3.8 

4.0 

4.2 

V 

mdc 

Maximum Duty Cycle for Vqq at VcCP 



25 

25 



pro9rammiri9 waveforms 



T1 =100 ns min 

T2 = 5ms min (T2 may be > 0 if Vqqp rises at the same rate or faster than Vqp) 
T3 = TOO ns min 
T4 = 100 ns min 
T5 = 100 ns min 


TwE 'S repeated for 5 additional pulses after verification of VoH indicates 
a bit has programmed 










National 

Semiconductor 


Bipolar PROMs 


DM54S470/DM74S470 open-collector 2048-bit PROM 
DM54S471/DM74S471 TRI-STATE® 2048-bit PROM 


general description 

These Schottky PROM memories are organized in the 
popular 256 words by 8 bits configuration. Two mem- 
ory enable inputs are provided to control the output 
states. When the enable inputs are in the low state, the 
outputs present the contents of the selected word. 

If either or both of the enable inputs is raised to a high 
level, it causes all 8 outputs to go to the "OFF" or 
high impedance state. The memories are available in 
both open-collector and TRI-STATE versions and are 
available as ROM's as well as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-elamped for high speed 

Address access— 60 ns max 
Enable access— 35 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE programming 

■ High density 20-pin package 

■ ROM mates are DM74S271 and DM74S371 
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block diagram 


connection diagram 
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DM 54S470/ DM74S470 , DM 54S471/ DM74S471 


































DM54S470/DM54S470, DM54S471/DM74S471 


absolute maximum ratings (Notei) operating conditions 





Miiy 

MAX 

UNITS 

Supply Voltage (Note 2) 

-0.5Vto-r7V 

Supply Voltage (Vqc) 




Input Voltage (Note 2) 

-1 .2V to -H5.5V 

DM54S470, DM54S471 

4.5 

5.5 

V 

Output Voltage (Note 2) 

-0.5V to -I-5.5V 

DM74S470, DM74S471 

4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-65°C to-M50°C 
300°C 

Ambient Temperature (T/^) 
DM54S470, DM54S471 

-55 

-M25 




DM74S470, DM74S471 

0 

-1-70 

“c 



Logical "0" Input Voltage (Low) 

0 

0.8 

V 



Logical "1" Input Voltage (High) 

2.0 

5.5 

V 


dc electrical characteristics (Note 3) 


PARAMETER 

CONDITIONS 

DM54S470, DM54S471 

DM74S470, DM74S471 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

l|L 

Input Load Current, All Inputs 

VCC = Max, V| N = 0.45V 



BB 


-80 

-250 

pA 

l|H 

Input Leakage Current, All Inputs 

Vcc = Max. V|(si = 2.7V 


■■I 

mm 



25 

pA 

l| 

Input Leakage Current, All Inputs 

VcC = Max. V|N = 5.5V 



mm 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vcc ^ Min, Iqi_ = 16 mA 



■E9 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




fill 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

'CEX 

Output Leakage Current 
(Open-Collector Only) (Note 5) 

Vcc = Max, VcEX = 2.4V 



50 



50 


Vcc = Max. VcEX = 5.6V 






100 

pA 

Vc 

Input Clamp Voltage 

Vcc " Min, l|N = -18 mA 



-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc = 5V, ViN = 2V. Ta = 25"C. 
1 MHz 

■ 




4.0 


PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF” 

■ 




6.0 


PF 

'cc 

Power Supply Current 

Vcc " Max, All Inputs Grounded, 
All Outputs Open 

■ 




120 

150 

mA 


TRI-STATE PARAMETERS 


>SC 

Output Short Circuit Current 
(Note 5) 

Vq = OV, Vcc = Max, (Note 4) 


-45 

-70 

-20 


-70 

mA 

IHZ 

Output Leakage (TRI-STATE) 

Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 



±50 


1 

±50 

pA 

VOH 

Output Voltage High, (Note 5) 

Iqh = "2 mA 


3.2 





V 

•oh ~ “0-5 mA 

1 J 



2.4 

mm 


V 


ac electrical characteristics (with standardioad) 





DM54S470, DM54S471 

DM74S470, DM74S471 



PARAMETER 

CONDITIONS 

5V ±10%;-55°Cto+125°C 

5V ±5%;0°Cto +70°C 

UNITS 




MIN 

TYP 


MIN 

TYP 

MAX 


tAA 

Address Access Time 



40 

75 


40 

60 

ns 

tEA 

Enable Access Time 



20 

40 


20 

30 

ns 

tER 

Enable Recovery Time 



20 

40 


20 

30 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V^C ~ 5V and T/\ = 25°C. 

Note 4: During Isq measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure VoH» ^CEX O'" 'sC unprogrammed part, apply 10.5V. 
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National 

Semiconductor 


Bipolar PROMs 


DM54S473/DM74S473 open -collector 4096-bit PROM 
DM54S472/DM74S472 TRI-STATE® 4096-bit PROM 


general description 

These Schottky PROM memories are organized in the 
popular 512 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions. 


PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


features 

■ Advanced titaniuhi-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 65 ns max 
Enable access— 40 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TR I -SAFE programming 

■ Board level programming 

■ High density 20-pin package 
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TRI-STATE 

Package 
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X 

X 


N, J 

DM74S472 


X 


X 

N, J 
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X 


X 


J 

DM54S472 

X 



X 

J 


block diagram connection diagram 


Dual-In-Line Package 
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DM54S473/DM74S473, DM54S472/DM74S472 




DM54S473/DM74S473. DM54S472/DM74S472 


absolute maximum ratings (Notei) 


Supply Voltage {Note 2) 

Input Voltage (Note 2) 

Output Voltage (Note 2) 

Storage Temperature 

Lead Temperature (Soldering. 10 seconds) 


-0.5V to +7V 
-1 .2V to +5.5V 
-0.5V to +5.5V 
-65° C to+150°C 
300° C 


operating conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcc) 

DM54S473, DM54S472 

4.5 

5.5 

V 

DM74S473, DM74S472 

4.75 

5.25 

V 

Ambient Temperature (T^) 

DM54S473. DM54S472 

-55 

+125 

°C 

DM74S473, DM74S472 

0 

+70 

°C 

Logical "0" Input Voltage (Low) 

0 

0.8 

V 

Logical "1” Input Voltage (High) 

2.0 

5.5 

V 


dc electrical characteristics (Note 3) 



CONDITIONS 

DM54S473, 54S472 

DM74S473, 74S472 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

l|L 

Input Load Current, All Inputs 

Vcc V|i\j = 0.45V 


-80 

-250 


-80 

-250 

mA 

l|H 

Input Leakage Current, All Inputs 

Vcc ” Vlax, V||\| = 2.7V 



25 



25 

/zA 

l| 

Input Leakage Current, All Inputs 

Vcc “ Max, V IIS) = 5.5V 



10 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vcc “ Min, Iql = 16 mA 


0.35 

0.5 


0.35 

0.5 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

ICEX 

Output Leakage Current 
(Open-Collector Only) (Note 5) 

Vcc = Max, VcEX 2.4V 



50 



50 

ma 

Vcc “ Max, VcEX " 5.5V 



100 



100 

mA 

VC 

Input Clamp Voltage 

Vcc "" Min, l|N = ~18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

VCC = 5V, V|n = 2V, Ta = 25°C, 
1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C. 
1 MHz, Output "OFF" 


6.0 



6.0 


pF 

i 

'cc 

Power Supply Current 

Vcc ^ Max, All Inputs Grounded, 
All Outputs Open 


135 

165 


135 

165 

mA 


TRI-STATE PARAMETERS 


'SC 

Output Short Circuit Current 
(Note 5) 

Vq = OV, Vcc “ Max, (Note 4) 

-20 


-70 


-45 

-70 

mA 

IHZ 

Output Leakage (TRI -STATE) 

Vcc ~ Max, Vq = 0.45 to 2.4V, 
Chip Disabled 



±50 



±50 

juA 

vqh 

Output Voltage High, (Note 5) 

Iqh = '2 mA 

2.4 






V 

lOH “ “6-5 niA 




wm 

3.2 


V 


ac electrical characteristics (With standardioad) 





DM54S473, 54S472 

DM74S473, 74S472 



PARAMETER 

CONDITIONS 

5 V ± 1 0%; -55° C to +1 25° C 

5V ±5%; 0°C to +70°C 

UNITS 




MIN 

1 1 

MAX 


1 

1 MAX 


tAA 

Address Access Time 




80 




ns 

tEA 

Enable Access Time 



28 

55 


28 

40 

ns 

tER 

Enable Recovery Time 



28 

55 


28 

40 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc 5V and Ta = 25°C. 

Note 4: During IgQ measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure VqH' *CEX O'" 
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National 

Semiconductor 


Bipolar PROMs 


DM54S570/DM74S570 open-collector 2048-bit PROM 
DM54S571/DM74S571 TRI-STATE® 2048-bit PROM 


general description 

These Schottky memories are organized in the popular 
512 words by 4 bits configuration. A memory enable 
input is provided to control the output states. When 
the enable input is in the low state, the outputs present 
the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
4 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as ROM's as well 
as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access~55 ns max 
Enable access— 30 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE^*'^ programming 

■ Board level programming 

■ ROM mates are DM74S270 and DM74S370 


Military Commercial TRI-STATE Package 

Collector 


DM74S570 

DM74S571 

DM54S570 


DM54S571 


block diagram 

connection diagram 


Oual-ln-Line Package 


A6-i- 

U 

ii vcc 


AS — 


— A7 

MOST SIGNIFICANT 
ADDRESS BIT 

A4-1 


ii A8 


2048-BIT CELLS 
64 X 32-SIT 
MEMORY MATRIX 



logic symbol 

























DM54S570/DM74S570, DM54S571/DM74S571 


absolute maximum ratings (Note ii operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage (Note 2) 

--0.5V to +7V 

Supply Voltage (Vqc;) 




Input Voltage (Note 2) 

-1 .2V to +5.5V 

DM54S570, DM54S571 

4.5 

5.5 

V 

Output Voltage (Note 2) 

-0.5V to -I-5.5V 

DM74S570, DM74S571 

4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-65° C to +150°C 
300° C 

Ambient Temperature (T^) 
DM54S570, DM54S571 

-55 

+125 

°c 



DM74S570, DM74S571 

0 

+70 

°c 



Logical "0” Input Voltage (Low) 

0 

0.8 

V 



Logical "1" Input Voltage (High) 

2.0 

5.5 

V 


dc electrical characteristics (Notes) 


PARAMETER 

CONDITIONS 

DM54S570, 54S571 

DM74S570, 74S571 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

l|L 

Input Load Current, All Inputs 

Vqc = Max, V IN = 0.45V 


"80 

-250 


-80 


UA 

l|H 

Input Leakage Current, All Inputs 

Vcc = Max, ViN = 2.7V 



25 



wm 

juA 

l| 

Input Leakage Current, All Inputs 

VcC ^ Max, V|N = 5.5V 



1.0 



moon 

mA 

VOL 

Low Level Output Voltage 

Vqc - Min, Iql ” 1® 


0.35 

0.5 


0.35 


V 

VlL 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 








V 

•CEX 

Output Leakage Current 
(Open-Collector Only) (Note 5) 

Vcc = Max, VcEX 2.4V 



50 



50 

AtA 

Vcc = Max, VcEX = 5.5V 



100 



100 

UA 

VC 

Input Clamp Voltage 

Vcc " Min, IfiM = “18 mA 


-0.8 



-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc = 5V, ViN = 2V, Ta = 25'^C, 
1 MHz 


4.0 



4.0 


pF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF” 

■ 

6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc “ Max, All Inputs Grounded, 
All Outputs Open 


90 



90 

130 

mA 


TRI-STATE PARAMETERS 


Isc 

Output Short Circuit Current 
(Note 5) 

Vq = OV, Vcc = Max, (Note 4) 

■ 


-100 

-30 

-60 


mA 

'HZ 

Output Leakage (TRI-STATE) 

Vcc “ Max, Vq = 0.45 to 2.4V, 
Chip Disabled 

■ 


±50 




/iA 

Vqh 

Output Voltage High, (Note 5) 

10H = -2mA 

2.4 

3.2 





V 

lOH " ^ mA 




wm 

Ell 


V 


ac electrical characteristics (with standard load) 





DM54S570, 54S571 

DM74S570, 74S571 



PARAMETER 

CONDITIONS 

5V ±10%;-55°Cto+125'’C 

5V±5%;0°Cto+70°C 

UNITS 




MIN 

TYP 

MAX 

im 

TYP 

1 max 


tAA 

Address Access Time 

(Figure 1) 


40 

65 


40 

IBIIIi 

ns 

tEA 

Enable Access Time 

(Figure 2) 





20 


ns 

tER 

Enable Recovery Time 

(Figure 2) 



WM 


20 

dm 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
rnay be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V(;c and T^ = 25° C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure VqH' ^CEX o'" ^SC unprogrammed part, apply 10.5V to both AS and A2 (pin 14 and pin 7). 


5-14 




















































standard test load 



■ Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZquT “ 50^2, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

■ tAA is measured with both enable inputs at a steady 
low level. 

■ f£A 2 nd tER are measured from the 1.5V on in- 
puts and outputs with ail address Inputs at a steady 
level and with the unused enable input at a steady 
low level. 


switching time waveforms 


ADDRESS INPUT 


OUTPUT 



FIGURE 1. Address Access Time 



typical performance characteristics 


Typical Switching Characteristics 
as a Function of Temperature 
(Vcc = 5V, Standard Load) 
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equivalent circuits 


Typical Switching Characteristics 
as a Function of Vcc = 25° C, 

Standard Load) 



SUPPLY VOLTAGE (V) 


Equivalent of Each Input 


Typical TRI-STATE Output 


Typical Open-Collector Output 
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DM54S570/DM74S570, DM54S571/DM74S571 


equivalent circuits (Continued) 


Programming Equivalent Circuit for One Memory Output 
(Applies to All NSC Generic Schottky PROMs) 


Vcc 



programming procedure 

These parts are shipped from the factory with ail fuses 
intact. As a result, the outputs will be low (logical "0") 
for all addresses. In order to generate a high level on the 
outputs, the part must be programmed. Information on 
available programming equipment may be obtained from 
National. However, if it is desired to build your own 
programmer, the following conditions must be observed. 

1. Programming should be attempted only at tempera- 
tures between 15°C and 30°C. 

2. Addresses and chip enable pins must be driven froht 
normal TTL logic levels during both programming 
and verification. 

3. Programming will occur at a selected address when 
Vcc ‘s held at 10.5V, the appropriate output is held 
at 10.5V and the chip is subsequently enabled. To 
achieve these conditions in the appropriate sequence, 
the following procedure must be followed; 

a) Select the desired word by applying a high or low 
level to the appropriate address inputs. Disable the 
chip by applying a high level to the enable input. 


b) Increase Vcc 10.5V ±0.5V with the rate of 
increase being between 1.0 and 10.0 V/jUS. Since 
Vcc supplies the current to program the fuse as 
well as the Icc ^he device at programming 
voltage, it must be capable of supplying 400 mA 
at 11.0V. 

c) Select the output where a high level is desired by 
raising that output voltage to 10.5V ±0.5V. Limit 
the rate of increase to a value between 1.0 and 
10.0 V/jus. This voltage change may occur simul- 
taneously with the increase in Vcc ^*^1^ must not 
precede it. It is critical that only one output at a 
time be programmed since the internal circuits can 
only supply programming current to one bit at a 
time. Outputs not being programmed must be left 
open or tied to a high impedance source of at least 
20 (Remember that the outputs of the device 
are still disabled at this time because the chip 
enable is high.) 
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programming procedure (Continued) 

d) Enable the device by taking the chip enable to a 
low level. This is done with a pulse of 10 jus. The 
10 ius duration refers to the time that the circuit is 
enabled. Normal input levels are used and rise and 
fall times are not critical. 

e) Verify that the bit has been programmed by first 
removing the programming voltage from the 
output and then reducing Vcc to 4.0V ±0.2V. 
Verification at a Vcc level of 4.0V will guarantee 
proper output states over the Vqc end tempera- 
ture range of the programmed part. The chip 
must be enabled to sense the state of the outputs. 
During verification, the loading of the output 
must be within specified Iql end Iqh limits. 
Steps b, c and d must be repeated 10 times or 
until verification that the bit has programmed. 


f) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. 
The programming procedure is now complete for 
the selected bit. 

g) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure Is 
performed on an automatic programmer, the duty 
cycle of Vcc programming voltage must be 
limited to a maximum of 25%, This is necessary to 
mininlize chip junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 

Note: Since only an enabled chip is programmed, it Is 
possible to program these parts at the board level if all 
programming parameters are complied with. 


programming parameters Do not test or you may program the device. 


PARAMETERS 

CONDITIONS 

MIN 

RECOMMENDED 

VALUE 

MAX 

UNITS 

Vccp 

Required VcC Programming 


10.0 

10.5 

11.0 

V 

Iccp 

Ice During Programming 

Vcc = 11V 



400 

mA 

Vqp 

Required Output Voltage for Programming 


10.0 

10.5 

11.0 

V 

lOP 

Output Current while Programming 

vqut=iiv 



20 

mA 

tRR 

Rate of Voltage Change of Vcc or Output 


1.0 


10.0 

V/ms 

PWE 

Programming Pulse Width (Enabled) 


9 

10 

11 

MS 

vccv 

Required Vec ^or Verification 


3.8 

4.0 

4.2 

V 

Moc 

Maxirnum Duty Cycle for Vqc at ^CCP 



25 

25 

% 


programming waveforms 



T1 = 100 ns min 

T2 = 5 MS min (T2 may be > 0 if VcQp rises at the same rate or faster than Vop) 
T3 100 ns min 
T4 = ioO ns min 
T5 = 100 ns min 

*PWE 's repeated for 5 additional pulses after verification of Vqh indicates 
a bit has programmed 
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DM54S572/DM74S572. DM54S573/DM74S573 



National 

Semiconductor 


Bipolar PROMs 


DM54S572/DM74S572 open-collector 4096-bit PROM 
DM54S573/DM74S573 TRI-STATE® 4096 -bit PROM 

general description features 


These Schottky PROM memories are organized in the 
popular 1024 words by 4 bits configuration. Two 
memory enable inputs are provided to control the 
output states. When the enable inputs are in the low 
state, the outputs present the contents of the selected 
word. 


■ Advanced titanium-tungsten (Tl-W) fuses 

■ Schottky-clamped for high speed 

Address access— 60 ns max 
Enable access— 35 ns max 


If either or both of the enable inputs is raised to a high 
level, it causes ail 4 outputs to go to the "OFF” or high 
Impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


■ PNP inputs reduce Input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TR I -SAFE programming 

■ Board level programming 

■ High density 18-pin package 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S572 


X 

X 


N,J 

DM74S573 


X 


X 

N, J 

DM54S572 

X 


X 


J 

DM54S573 

X / 



X 

J 


block diagram 


connection diagram 



Dual-ln-Line Package 



logic symbol 
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absolute maximum ratings (Note i) 


Supply Voltage (Note 2) 

Input Voltage (Note 2) 

Output Voltage (Note 2) 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


operating conditions 


-0.5Vto+7V 

Supply Voltage (Vcc) 

MIN 

MAX 

UNITS 

-1.2Vto+5.5V 

DM54S572, DM54S573 

4.5 

5.5 

V 

-0.5V to +5.5V 
-65° C to +150° C 
300°C 

DM74S572, DM74S573 
Ambient Temperature (Ta) 

4.75 

5.25 

V 

DM54S572, DM54S573 

-55 

+125 

°c 


DM74S572, DM74S573 

0 

+70 

°C 


Logical "0" Input Voltage (Low) 

0 

0.8 

V 


Logical "1" Input Voltage (High) 

2.0 

5.5 

V 


dc electrical characteristics (Note 3) 



PARAMETER 

IlL 

Input Load Current, All Inputs 

l|H 

Input Leakage Current, All Inputs 

l| 

Input Leakage Current, All Inputs 

vql 

Low Level Output Voltage 

V)L 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

»CEX 

Output Leakage Current 
(Open-Collector Only) (Note 5) 

Vc 

Input Clamp Voltage 

C|N 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 


TRI-STATE PARAMETERS 


C Output Short Circuit Current 
(Note 5) 

IHZ Output Leakage (TRI-STATE) 

Vqh Output Voltage High, (Note 5) 



DM54S572, 54S573 

DM74S572, 74S573 


CUNUlTlONS 

MIN TYP MAX 

MIN TYP MAX 

UNITS 

Vcc = Max, V|N = 0.45V 

-80 -250 

-80 -250 

fiA 

Vcc = Max, ViN = 2.7V 

25 

25 

fJiA 

Vcc = Max, V|N = 5.5V 

1 .0 

1.0 

m A 

Vcc “ Min, Iql “ 1® mA 

0.35 0.45 

0.35 0.45 

V 


0.80 

0.80 

V 


2.0 

2.0 

V 

Vcc ” Max, VcEX = 2.4V 

50 

50 

pA 

Vcc ■ Max, VcEX “ 5.5V 

100 

100 

pA 

Vcc " Min, l||\j = -18 mA 

-0.8 -1.2 

-0.8 -1.2 

V 


Vcc * 5V, V|N = 2V. Ta = 25“C, 
1 MHz 

Vcc = 5V, Vo = 2V, Ta = 25®C, 

1 MHz, Output "OFF” 

Vcc “ All Inputs Grounded, 
All Outputs Open 


Vq == OV, Vcc “ Max, (Note 4) 

Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 

IqH = -2 mA 

■ oh = ”6-5 mA 


125 140 


125 140 mA 


-20 -45 -70 -20 -45 -70 


ac electrical characteristics (with standardioad) 


CONDITIONS 



0M54S572, 54S573 
5V ± 10%; -55°C to +1 25°C 

DM74S572, 74S573 
5V ±5%; 0°C to +70°C 

MIN 

TYP 

; MAX 

MIN 

TYP 

MAX 


40 

75 


40 

60 


25 

45 


25 

35 


25 

45 


25 

35 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc “ ^A ~ 25^C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure VqH' ^CEX o'" • SC 9*^ ‘^"Programmed part, apply 10.5V to both A5 and A2 (pin 2 and pin 7). 


5-19 


DM54S572/DM74S572, DM54S573/DM74S573 















DM7577/DM8577 


Semiconductor 


Bipolar PROMs 


DM7577/DM8577 256 -bit programmable read only memory 


general description 

The DM7577/DM8577 is a field-programmable, 256-bit, 
read only memory organized as 32 words of 8 bits each. 
This monolithic, high-speed, transistor-transistor-logic 
(TTL) memory array is addressed in 5-bit binary with 
full on-chip decoding. An overriding memory-enable 
input is provided which, when taken high, will inhibit 
the function causing all eight outputs to remain high. 
The organization is expandable to 1,856 words of n-bits 
with no additional output buffering. 


output for that bit Is permanently programmed to pro- 
vide a low logic level. Outputs never having been altered 
may later be programmed to supply a low-level output. 
Operation of the unit within the recommended operating 
conditions will not alter the memory content. 

The mask-programmable DM 5488/D M 7488 can be used 
to replace the DM7577/DM8577 as they are function- 
ally and mechanically identical. 


The address of an 8-bit word is accomplished through 
the buffered binary select inputs in coincidence with a 
low logic level at the enable input. Where multiple 
DM7577/DM8577 devices are used in a memory system, 
the enable Input allows easy decoding of additional 
address bits. 

Data can be electronically programmed, as desired, at 
any of the 256-bit locations of the DM7577/DM8577 
in accordance with the programming procedure specified. 
Prior to programming, the memory contains a high-logic- 
level output condition at all 256 bit locations. The pro- 
gramming procedure open-circuits nichrome links which 
results in a low-logic-level output at selected locations. 
The procedure Is irreversible and, once altered, the 


features 

■ Field programmable for custom or prototype memories 

■ Mask-programmable DM5488/DM7488 is a direct 
replacement for the DM7577/DM8577 

■ Typical access time 35 ns 

■ Organized as 32 words of 8-bits each 

■ Ideal for microprogramming and code converters 

■ Open-collector outputs are easily expanded 

■ Fully-decoded buffered Inputs 

■ Fully compatible with most TTL and DTL circuits 

■ Pin compatible with SN74188A 


connection diagram 


Ouai-ln-Line Package 



Y1 Y2 Y3 Y4 Y5 Y6 Y7 GNO 


Order Number DM7577D 
or DIVi8577D 
See Package 3 
Order Number DM8577N 
See Package 1 5 
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absolute maximum 

ratings (Note i) 

Operating conditions 






MIN 

MAX 

UNITS 

Supply Voltage, Vcc 

7.0V 

Supply Voltage (Vcc> 




Input Voltage 

5.5V 

DM7577 

4.5 

5.5 

V 

Output Voltage 

5.5V 

DM8577 

4.75 

5.25 

V 

Storage Temperature Range 

-65°C to+150°C 

Temperature (T^) 






DM7577 

-55 

+125 

°c 



DM8577 

0 

+70 




High-Level Output Voltage 


5.5 

V 



Low-Level Output Current 


12 

mA 


recommended conditions for programming 


CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Voltage, \/qq 

5.0 


5.5 

V 

Input Voltage 





Lqw Level 

0 


0.5 

V 

High Level 

2.4 


5.0 

V 

Programming Pulse Amplitude 

20 


22 

V 

Programming Pulse Rise Time 

1.0 

5.0 

10 

MS 

Programming Pulse Current Limit 

100 


200 

mA 

Programming Pulse Width 

10 

20 

50 

ms 

Case Temperature 

25 


75 



electrical characteristics Vcc = sv, = 25°c, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

jYp 

MAX 

UNITS 

High Level Input Voltage (V|h) 


2 

' 


V 

Low Level Input Voltage (V|l) 




0.8 

V 

Input Clamp Voltage (V|) 

Vcc “ *1 "~12 mA 



-1.5 

V 

High Level Output Current (Iqh ) 

Vcc = Min, V|H = 2V, 
V,L =0.8V, VoH =5.5V 



100 

AfA 

Low Level Output Voltage (Vql) 

Vcc - Min, V|H =2V 
V,L = 0.8V, lot = 12 mA 



0.4 

V 

Input Current at Maximum Input Voltage 
(1.) 

Vcc = Max, V, = 5.5V 



1 

mA 

High Level Input Current (I,h) 

Vcc = Max, V, = 2.4V 



40 

ma 

Low Level Input Current (l|i_) 

Vcc = Max, V, = 0.4V 




mA 

Supply Current, All Outputs High (Icch ) 

Vcc = Max (Note 2) 


50 

80 

mA 

Supply Current, All Outputs Low (Iccl) 

Vcc - Max (Note 3) 


82 

110 

mA 


Note 1 : "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: IcCH measured with all inputs at 4.5V, all outputs open. 

Note 3: IqcL measured with enable input grounded, all other inputs at 4.5V, and all outputs open. The typical value shown is for the worst-case 
condition of all eight outputs low at one time. This condition may not be possible after the device has been programmed. 

Note 4: For conditions shown as min or max, use the appropriate value specified under recommended operating conditions. 
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DM7577/ DM8577 


switching characteristics Vcg = 5V, t* = 25°c 



FROM 

(INPUT) 

TO 

(OUTPUT) 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Propagation Delay Time, 
Low to High Level Out- 
put (tpLn) 

Enable 

Any 

Cl =30 pF to GND. 
Rli = 400S7 to Vqq, 
Rl 2 =60017 to GND 


22 

35 

ns 

Propagation Delay Time, 
High to Low Level Out- 
put (tpHt) 

Enable 

Any 

Cl = 30 pF to GND, 
Rli = 40017 to Vqq, 
Rl 2 = 60017 to GND 


15 

35 

ns 

Propagation Delay Time, 
Low to High Level Out- 
put (tpLH ) 

Select 

Any 

Cl =30pFto GND, 
Rli = 40017 to ^CC' 
Rl 2 = 60017 to GND 


35 

50 

ns 

Propagation Delay Time, 
High to Low Level Out- 
put (tpHu) 

Select 

Any 

Cl = 30 pF to GND, 
Rli = 40017 to ^cc> 
Rl 2 = 60017 to GND 


35 

50 

ns 


programming procedure 

1. Apply Steady-State supply voltage (Vcc = 5.0V, 
GND = OV) and address the word to be programmed 
with specified input voltages. 

2. Disable the outputs by applying a high logic level to 
the enable input. 

3. Only one bit location is programmed at a time. Open 
circuit all outputs except the one to be programmed 
as a low logic level. 

4. Apply the specified programming pulse to the output 
to be programmed. The recommended pulse width 


is 20 ms; however, 10 ms will program a high per- 
centage of devices. 

The bit programmed may be verified by checking 
the output for a low logic level after the enable input 
reaches a low logic level. 

5. Repeat steps 2 through 4 for each output of this 
address to be programmed as a low level. 

6. Advance to next address location and repeat steps 
2 through 5. 


ac test circuit and switching time waveforms 



Input waveforms are supplied by pulse generators having the following characteristics; 
t, < 10 ns, t, < 10 ns, PRR = 1 MHz, PDC = 50%, Amplitude = 3.0V, and Zq = 50u. 
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National 

Semiconductor 


Bipolar PROMs 


DM7578/ DM 8578 TRI-STATE® 256-bit programmable read only memory 


general description 

The DM7578/DM8578 is a field-programmable, 256-bit, 
read only memory organized as 32 words of 8 bits each. 
This rhonolithic, high-speed', transistor-transistor-logic 
(TTL) memory array is addressed in 5-bit binary with 
full on-chip decoding. An overriding memory-enable 
input is provided which, when taken high, will inhibit 
the function causing all eight outputs to remain in the 
high impedance (Z) state. 

The address of an 8-bit word is accomplished through 
the buffered binary select inputs in coincidence with a 
low logic level at the enable input. Where multiple 
DM7578/DIVI8578 devjces are used in a memory system, 
the enable input allows easy decoding of additional 
address bits. The TRI-STATE outputs eliminates the 
need for external pull-up resistors, and provides good 
capacitance drive capability, 

Data can be electronically programmed, as desired, at 
any of the 256-blt locations of the DM7578/DM8578 
in accordance with the programming procedure specified. 
Prior to programming, the memory contains a high-logic- 
level output condition at all 256 bit locations. The pro- 
gramming procedure open-circuits nichrome links which 
results in a low-logic-level output at selected locations. 


The procedure is irreversible and, once altered, the out- 
put for that bit is permanently programmed to provide a 
low logic level. Outputs never having been altered may 
later be programmed to supply a low-level output. 
Operation of the unit within the recommended operating 
conditions will not alter the memory content. 

The mask-programmable DM7598/DIV18598 can be used 
to replace the DM7578/DM8578 as they are function- 
ally and mechanically identical. 


features 

■ Field programmable for custom or prototype memories 

■ Mask-programmable DM7598/DM8598 is a direct 
replacement for the DM7578/DM8578. 

■ Typical access time 35 ns 

■ Organized as 32 words of 8-bits each 

■ Ideal for microprogramming and code converters 

■ TRI-STATE outputs are easily expanded 

■ Fully-decoded buffered inputs 

■ Fully compatible with most TTL and DTL circuits 

■ Pin compatible with SN74188A 


connection diagram 


Dual-ln-Line Package 



Order Number OM7578D or 0IVI85780 
See Package 3 
Order Number DM8578N 
See Package 15 
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DM7578/ DM8 578 


absolute maximum 

ratings (Notei) 

operating conditions 






MIN 

MAX 

UNITS 

Supply Voltage, Vqq 

7.0V 

Supply Voltage (Vq^) 




Input Voltage 

5.5V 

DM7578 

4.5 

5.5 

V 

Output Voltage 

5.5V 

DM8578 

4.75 

5.25 

V 

Storage Temperature Range 

-65° C to+150°C 

Temperature (T/\) 
DM7578 




Lead Temperature (Soldering, 10 seconds) 300°C 

-55 

+125 

°c 



DM8578 

0 

+70 

°c 



High-Level Output Voltage 


5.5 

V 



Low-Level Output Current 

<'ol) 


12 

mA 



High-Level Output Current 
<*OH> 






DM7578 


-2.0 

mA 



DM8578 


-5.2 

mA 


recommended conditions for programming 


CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Voltage (Vcc) 

5 


5.5 

V 

Input Voltage 





Low Level 

0 


0.5 

V 

High Level 

2.4 


5 

V 

Programming Pulse Amplitude 

20 


22 

V 

Programming Pulse Rise Time 

1 

5 

10 

MS 

Programming Pulse Current Limit 

100 


200 

mA 

Programming Pulse Width 

10 

20 

50 

ms 

Case Temperature 

25 


75 

°C 


electrical characteristics (Note 2) 


PARAMETER 

1 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

High Level Input Voltage (V|h) 


2 



V 

Low Level Input Voltage (V|l) 




0.8 

V 

Input Clamp Voltage (V,) 

Vcc ^ •Vlin, l| = -12 mA 



-1.5 

V 

High Level Output Voltage (Vqh ) 

Vcc = Min, V,H = 2.0V, 
V,L = 0.8V, Iqh = Max 

2.4 



V 

Low Level Output Voltage (Vql) 

Vcc = Min, V,H = 2.0V, 
V,L = 0.8V, Iql = Max 



0.4 

V 

Off State (High Impedance State) Output 

Vcc = Max, V,H =2.0V, 





Current (Io(off)) 

Vo = 2.4V 



40 

ma 


Vo = 0.5V 



-40 

ma 

Input Current at Maximum Input Voltage (1,) 

Vcc = Max, V, = 5.5V 



1 

mA 

High Level Input Current (1,^) 

Vcc = Max, V, = 2.4V 



40 

pA 

Low Level Input Current (I|l) 

Vcc = Max, V, = 0.4V 



-1 

mA 

Short Circuit Output Current (Iqs) (Note 3) 

Vcc “ Max 

-30 


-70 

mA 

Supply Current (Ice) 

Vcc = Max (Note 4) 


82 

110 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for DM7578 and across the 0°C to 
+70°C range for the DM8578. All typicals are given for Vqc ~ 5.0V and T/^ = +25°C. 

Note 3: Duration of the short-circuit should not exceed one second. Only one output at a time should be shorted. 

Note 4: Iqq is measured with alt inputs at 4.5V, all outputs open. 
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switching characteristics Vcc = 6VvTa =25°c 


PARAMETER 

FROM 

(INPUT) 

TO 

(OUTPUT) 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Propagation Delay Time, 
Low to High Level 
Output (tpLH ) 

Select 

Any 

RL = 400a 
Cl = 50pF 


35 

50 

ns 

Propagation Delay Time 
High to Low Level 
Output (tpHi.) 

Select 

Any 

Rl = 400S1, 
Gl = 50 pF 


35 

50 

ns 

Output Enable Time to 
High Level {tz ^ ) 

Enable 

Any 

Rl=400S7, 

Cl=50pF 


19 

35 

ns 

Output Enable Time to 
Low LeveMtzi_) 

Enable 

Any 

Rl = 400Q. 
Cl = 50pF 


17 

35 

ns 

Output Disable Time 
from High Level (tnz) 

Enable 

Any 

Rl = 40012, 
Cl = 5 pF 


11 

35 

ns 

Output Disable Time 
from Low Level (tLz) 

Enable 

Any 

Rl= 40012, 
Cl=5pF 


21 

35 

ns 


programming procedure 

1. Apply Steady-State supply voltage (Vcc 5.0V, 
GND = OV) and address the word to be programmed 
with specified input voltages. 

2. Disable the outputs by applying a high logic level to 
the enable input. 

3. Only one bit location is programmed at a time. Open 
circuit all outputs except the one to be programmed 
as a low logic level. 

4. Apply the specified programming pulse to the output 
to be programmed. The recommended pulse width is 


20 ms; however, 10 ms will program a high percentage 
of devices. 

The bit programmed may be verified by checking the 
output for a low logic level after the enable input 
reaches a low logic level, 

5. Repeat steps 2 through 4 for each output of this 
address to be programmed as a low level. 

6. Advance to next address location and repeat steps 2 
through 5. 


ac test circuit and switching time waveforms 


Vcc 



SELECT 

INPUT 


OUTPUT 


4 ^ — — 






Input waveforins are supplied by pulse generators having the following characteristics: 
t, < 10 ns. t, < 10 ns, PRR = 1 MHa, PDC = 50%. Amplitude = 3.0V, and Zq = 50ii. 
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DM7578/DIVI8578 




DM77S221/DM87S221, DM77S222/DM87S222 



National 

Semiconductor 


DM77S221/DM87S221 open-collector 2048-bit PROM with latches 
DM77S222/DM87S222 TRI-STATE® 2048-bit PROM with latches 


Bipolar PROMs 


general description 

These Schottky PROM memories are organized in the 
popular 256 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. An output 
latch control is provided. If the latch control pin is high, 
the data falls through to the output enable gate. If the 
latch control pin is low, the data is latched and the 
addresses may be changed without affecting the output 
data. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 60 ns max 
Enable access- 30 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE^*^ programming 

■ Open-collector or TRI-STATE® outputs 

■ Board level programming 

• High density 20-pin package 

■ ROM mates are DM87S201 and DM87S202 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87S221 


X 

X 


N, J 

DM87S222 


X 


X 

N, J 

DM77S221 

X 


X 


J 

DM77S222 

X 



X 

J 


block diagram 


connection diagram 

Dual-ln-Line Package 


|| 

1/3Z 

DECDDER 

I 

1 



2048'BIT ARRAY 
32 X 64 BIT 
MEMORY MATRIX 


B 

1 


Mlw 

1 

i 

■ 




1 

■ 

■HlillHlHlilllilP 


XT 


logic symbol 


— 

AO 


01 

— 

— 

A1 


02 

■— 

— 

A2 


03 

— 

— 

A3 


04 

— 

— 

A4 


OS 

— 

— 

A5 


06 

— 

— 

A6 

lSTch 

07 

— 


A7 

El CONTROL 

08 

— 


TX 
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absolute iTiaximum ratings (Note i) operating conditions 




Supply Voltage (Note 2) 

Input Voltage (Note 2) 

Output Voltage (Note 2) 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

--0.5V to +7V Supply Voltage ( Vqc) 

-r.2Vto +5.5V DM77S221. DM77S222 

-0 5Vto+5.5V DM87S221, DM87S222 

-65°C to -H50®C . .. . 

Ambient Temperature (Ta) 

300 C 

DM77S221 , DM77S222 
DM87S221 , DM87S222 

MIN 

4.5 

4.75 

-55 

0 

MAX 

5.5 

5.25 

+125 

+70 

UNITS 

V 

V 

“c 

"c 



Logical "O' 

' Input Voltage (Low) 

3 

0.8 

V 



Logical "V 

' Input Voltage (High) 2.0 

5.5 

V 

dc electrical characteristics (Note 3) 








PARAMETER 

CONDITIONS 

DM77S221, 77S222 


UNITS 

MIN 

TYP 

MAX 


TYP 

MAX 

Hl 

Input Load Current, All Inputs 

VcC ~ ViN = 0.45V 


-80 



-80 


/iA 


Input Leakage Current, All Inputs 

Vqc = V||\| = 2.7V 



25 



25 

UlA 

l| 

Input Leakage Current, All Inputs 

VcC " V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

\/qC = Min, 'oL “ 16 mA 


0.35 

0.45 


0.35 

0.45 

V 

V,L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


> 2.0 



2.0 



V 

ICEX 

Output Leakage Current 

Vcc = Max, VcEX " 2.4V 



50 



50 

HA 


(Open-Collector Only) (Note 5) 

VCC = Max, VcEX ’ 6.5V 



100 



100 

iuA 

Vc 

Input Clamp Voltage 

Vcc ~ Min, l||\j = -18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

. Vcc = 5V, V|n-2V, Ta = 25"C. 
1 MHz 


4.0 



4.0 


pF 

Co 

Output Capacitance 

Vcc 6V, Vo = 2V. Ta = 25®C, 
1 MHz, Output "OFF" 


6.0 



6.0 


pF 

•cc 

Power Supply Current 

Vcc = Max, All Inputs Grounded, 
All Outputs Open 


120 

150 


120 

150 

mA 

TRI-STATE PARAMETERS 

'sc 

Output Short Circuit Current 
(Note 5) 

Vq = OV, Vcc “ Max, (Note 4) 

-2P 

“45 

-70 

-20 

-45 

-70 

mA 

'HZ 

Output Leakage (TRI -STATE) 

Vcc = Max, Vo = 0.45 to 2,4V, 
Chip Disabled 



±50 



±50 

pA 

Vqh 

Output Voltage High, (Note 5) 

•oh = “2 mA 

2.4 

3.2 





V 


. 

•oh = “6.5 mA 




2.4 

3.2 


V 

ac electrical characteristics (with standardioad) 




DM77S221. 77S222 

DM87S221, 87S222 



PARAMETER 

CONDITIONS 

5V ± 10%; -55°C to +1 25°C 

5V ±5%; O^’C to +70°C 

UNITS 




MIN 

TYP 


miQI 


MAX 


tAA 

Address Access Time 



40 

BE 



60 

ns 

tEA 

Enable Access Time 



m^ii 

■■ 


20 

30 

a 

tER 

Enable Recovery Time 




EH 

■■ 


20 

30 

mm 

tLO 

Latch To Output 

. 

^ 


19 



15 

20 

ns 

Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for VoO = 5V and T/\ = 25°C. 

Note 4: During Igc '^®9surement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh, |q£x O'" 'sC 
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DM77S221/DM87S221, DM77S222/DM87S222 



























DM77S229/DM87S229, DM77S228/DM87S228 




National 

Semiconductor 


Bipolar PROMs 


DM77S229/DM87S229 open-eollector 8192-bit PROM 
DM77S228/DM87S228 TRI-STATE® 8192-bit PROM 


general description 

These Schottky PROM memories are organized in the 
popular 1024 words by 8 bits configuration. Four 
memory enable inputs are provided to control the 
output states. When El and E2 are low and E3 and E4 
are high, the output presents the contents of the selected 
word. 

If El or E2 are high, or E3 or E4 are low, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as ROM's as 
well as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

Military Commercial 


features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access-70 ns max 
Enable access-45 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TR I -SAFE programming 

■ Board level programming 

■ ROM mates are DM85S29 and DM85S28 
Open- XRI-STATE Package 

























absolute maximum ratings (Notei) operating conditions 




Supply Voltage (Note 
Input Voltage (Note 2) 

Output Voltage (Note 2) 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-0.5V to +7V Supply Voltage (Vcc^ 

-1 .2V to +5.5V PM77S229, DM77S228 

-0.5V to +5.5V DM87S229, DM87S228 

-65°C to +150°C * .. . 

'»nn“r Ambient Temperature (Ta) 

■ ^ ^ DM77S229, DM77S^28 

DM87S229, DM87S228 

MIN MAX 

4.5 5.5 

4.75 5.25 

-55 +125 

0 +70 

UNITS 

V 

V 

°c 

°C 



Logical "O' 

' Input Voltage (Low) 0 

0.8 

V 



Logical "1 

' Input Voltage (High) 2.0 

5.5 

V 

dc electrical characteristics (Notes) 







- 

PARAMETER 

CONDITIONS 

DM77S229, 77S228 

DM87S229, 87S228 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

l|L 

Input Load Current, All Inputs 

VcC = V IN = 0.45V 


-80 

-250 


-80 

-250 

mA 

•IH 

Input Leakage Current, All Inputs 

Vcc = Max, V(N = 2.7V 



25 



25 

/jA 

l| 

Input Leakage Current, All Inputs 

Vcc Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vqc = Min, Iql “ 10 


0.35 

0.45 


0.35 

0.45 

V 

ViL 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

•CEX 

Output Leakage Current 

Vcc = Max, VcEX = 2.4V 



50 



50 

pA 


(Open-Collector Only) (Note 5) 

Vcc = Max, VcEX = 5-5V 



100 



100 

pA 

Vc 

Input Clamp Voltage 

Vqc = Min, l|N = ~18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

CiN 

Input Capacitance 

Vcc = 5V, ViN = 2V, Ta = 25°C, 
1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°c, 
1 MHz, Output "OFF" 


6.0 



6.0 


pF 

•cc 

Power Supply Current 

Vcc “ Max, All Inputs Grounded, 
All Outputs Open 


135 

170 


135 

170 

mA 

TRI-STATE PARAMETERS 

•sc 

Output Short Circuit Current 
(Note 5) 

Vo = OV, Vcc = Max, (Note 4) 

-20 

-45 

-70 

-20 

-45 

-70 

mA 

•hz 

Output Leakage (TRI -STATE) 

Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 



±50 



±50 

pA 

VqH 

Output Voltage High, (Note 5) 

IOH = ~2mA 

2.4 

3.2 





V 



IqH " 0-5mA 




2.4 

3.2 


V 

ac electrical characteristics (with standard load) 


PARAMETER 

CONDITIONS 

DM77S229, 77S228 
5V ±10%;-55°C to +T25°C 

DM87S229, 87S228 
5V ±5%; 0°C to +70°C 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


tAA 

Address Access Time 



57 

90 


57 

70 

ns 

tEA 

Enable Access Time 



31 

60 


31 

45 

ns 

tgR 

Enable Recovery Time 



31 

60 


31 

45 

ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc = 5V and Ta = 25°C. 

Note 4: During lsc fT»®3Surement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Voh» ^CEX o*" IsC unprogrammed part, apply 10.5V. 
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DM77S295/DM87S295, DM77S296/DM87S296 



National 

Semiconductor 


Bipolar PROMs 


DM77S295/DM87S295 open-collector 409&-bit PROM 
DM77S296/DM87S296 TRI-STATE® 4096-bit PROM 


general description 

These Schottky memories are organized in the popular 
512 words by 8 bits configuration. Four memory enable 
inputs are provided to control the output states. When 
El and E2 are low and E3 and E4 are high, the output 
presents the contents of the selected word. 

If El or E2 are high, or E3 or E4 are low, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as ROM's as 
well as PROM's. 

PROM's are shipped from the factory with lows in ail 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access-65 ns 
Enable access— 35 ns 

« PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low voltage TRI-SAFE™ programming 

■ Board level programming 

■ ROM mates are DM87S95 and DM87S96 


connection diagram 


Duai-ln-Line Package 
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absolute maximum ratings (Note i) operating conditions 










MIN 

MAX 

UNITS 

Supply Voltage (Note 2) 

-0.5V to +7V Supply Voltage (V^q) 





Input Voltage (Note 2) 

-1 .2V to -f'B.SV 

DM77S295, DM77S296 

4.5 

5.5 

V 

Output Voltage (Note 2} 

-0.5V to -I-5.5V 

DM87S295, DM87S296 

4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-65 C to +150^C Ambient Temperature (T^) 

^ DM77S295, DM77S296 

-55 

+125 

°c 




DM87S295, DM87S296 


} 

+70 

°c 



Logical "0" Input Voltage (Low) i 

) 

0.8 

V 



Logical "1* 

' Input Voltage (High) 2.0 

5.5 

V 

dc electrical characteristics (Notes) 








PARAMETER 

CONDITIONS 

DM77S295, 296 

DM87S295, 

296 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

l|L 

input Load Current, All Inputs 

VcC = Max, V|N- 0.45V 



Hj^H 


-80 

-250 

ma 

l|H 

Input Leakage Current, All Inputs 

Vcc=Ma>«. V|N = 2.7V 




m 


25 

juA 

U 

Input Leakage Current, AH Inputs 

VcC~M9^- V|(\| = 5.5V 



mm 

B 


1.0 

mA 

VOL 

Low Level Output Voltage 

VcC " •OL ~ 



||Q[|| 


0.35 

0.5 

V 

V|L 

Low Level Input Voltage 







0.80 

V 

V|H 

High Level Input Voltage 








V 

•CEX 

Output Leakage Current 

VcC = Max. VcEX = 2.4V 



50 



50 

ma 


(Open-Collector Only) (Note 5) 

Vcc " VcEx ” 5.5V 



100 



TOO 

mA 

Vc 

Input Clamp Voltage 

Vcc " l|N " “18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc = 5V, V|n = 2V, Ta = 25"C, 


4.0 



4.0 


pf 



1 MHz 








Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 

■ 

6.0 



H 


pF 

m 

Power Supply Current 

Vcc “ All Inputs Grounded, 

All Outputs Open 


115 

170 


115 

170 

mA 

TRI-STATE PARAMETERS 

•sc 

Output Short Circuit Current 
(Note 5) 

Vo = OV, Vcc = IV»ax, (Note 4) 

-30 

-60 

-100 


-60 

-100 

mA 

•hz 

Output Leakage (TRI-STATE) 

Vcc = Max. Vo = 0.45 to 2.4V, 
Chip Disabled 



±50 



±50 

mA 

vqh 

Output Voltage High, (Note 5) 

lOH = ~2 mA 

2:4 

3.2 





V 



•oh “ ”5-5 mA 




wm 

HggH 


V 

ac electrical characteristics (With standard load) 




DM77S295, 296 

DM87S295, 296 



PARAMETER 

CONDITIONS 

5V ±10%;- 55“C to +1 25°C 

5V ±5%; 0°C to +70'"C 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


■BfSI 

Address Access Time 

(Figure 1} 


40 

75 


40 

65 

ns 

Wm 

Enable Access Time 

(Figure 2) 


20 

40 


20 

35 

ns 

tER 

Enable Recovery Time 

(Figure 2) 


20 

40 


20 

35 

ns 

Note 1 

: Absolute maximum ratings are those values beyond which the device may be permanently damaged. 

They do not mean that the device 

may be operated at these values. 









Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 



Note 3 

These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc “ 5V and Ty\ = 

25° C. 


Note 4 

During Igc rneasurement, only one output at a time should be grounded. 

Permanent damage may otherwise result. 



Note 5: To measure Vqh» IcEX o'" ^SC unprogrammed part, apply 10.5V to both A7 and A2 (pin 1 and pin 6). 
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DM77S295/DIV187S295, DM77S296/DM87S296 













































DM77S295/DM87S295, DM77S296/DM87S296 


standard test load 


Vcc 



Cl = 30pF* 


Cl includes probe and jig capacitance. 


■ Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZoUT ” son, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

■ tAA is measured with both enable inputs at a steady 
low level. 

■ tEA 3nd tER are measured from the 1.5V on in- 
puts and outputs with all address Inputs at a steady 
level and with the unused enable input at a steady 
low level. 


switching time waveforms 



FIGURE 1. Address Access Time 


typical performance characteristics 


Typical Switching Characteristics 
as a Function of Temperature 
(Vcc = SV, Standard Load) 



-55 25 125 

Ta - AMBIENT TEMPERATURE fC) 



FIGURE 2. Enable Access Time and Recovery Time 


Typical Switching Characteristics 
as a, Function of Vqc H^A ~ 25° C, 
Standard Load) 

70 I -T 1 


60 


50 



0 » 1 1 

4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


equivalent circuits 


Equivalent of Each Input 
Vcc 



Typical TRI-STATE Output 


Typical Open-Collector Output 
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equivalent circuits (continued) 


Programming Equivalent Circuit for One Memory Output 
(Applies to All NSC Generic Schottky PROMs) 


Vcc 



programming procedure 

These parts are shipped from the factory with all fuses b) Increase Vcc to 10.5V ±0.5V with the rate of 

intact. As a result, the outputs will be low (logical "0") increase being between 1.0 and 10.0 V/jus. Since 

for alt addresses. In order to generate a high level on the Vqc supplies the current to program the fuse as 

outputs, the part must be programmed. Information on well as the Iqc of the device at programming 

available programming equipment may be obtained from voltage, it must be capable of supplying 400 mA 

National. However, if it is desired to build your own at 11.0V. 

programmer, the following conditions must be observed. c) Select the output where a high level is desired by 

raising that output voltage to 10.5V ±0.5V. Limit 

1. Programming should be attempted only at tempera- ^ 1-10 i' 3 'te of increase to a value between 1.0 and 

tu res between 15 C and 30 C. 10.0 V/jUs. This voltage change may occur simul- 

2. Addresses and chip enable pins must be driven from taneously with the increase in V^G but must not 

normal TTL logic levels during both programming precede it. It is critical that only one output at a 

and verification. time be programtoed since the internal circuits can 

3. Programming will occur at a selected address when only supply programming current to one bit at a 

Vcc is held at 10.5V, the appropriate output is held time. Outputs not being programmed must be left 

at 10.5V and the chip is subsequently enabled. To open or tied to a high impedance source of at least 

achieve these conditions in the appropriate sequence, 20 (Remember that the outputs of the device 

the following procedure must be followed: are still disabled at this time.) 

a) Select the desired word by applying a high or low 
level to the appropriate address inputs. Disable the 
chip by applying appropriate level to the enable 
inputs. 
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DM77S295/DM87S295. DM77S296/DM87S296 



DM77S295/DM87S295, DM77S296/DM87S296 


programming procedure (Continued) 

d) Enable the device by applying appropriate levels to 
the chip enable inputs. This is done with a pulse 
of 10 ns. The 10 JUS duration refers to the time that 
the circuit is enabled. Normal input levels are 
used and rise and fall times are not critical. 

e) Verify that the bit has been programmed by first 
removing the programming voltage from the 
output and then reducing Vcc 4.0V ±0.2V. 
Verification at a Vqc level of 4.0V will guarantee 
proper output states over the Vqc tempera- 
ture range of the programmed part. The chip 
must be enabled to sense the state of the outputs. 
During verification, the loading of the output 
must be within specified Iql *OH linnits. 
Steps b, c and d must be repeated 10 times or 
until verification that the bit has programmed. 


f) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. 
The programming procedure is now complete for 
the selected bit. 

g) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is 
performed on an automatic programmer, the duty 
cycle of Vcc programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize chip junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 

Note: Since only an enabled chip is programmed, it is 
possible to program these parts at the board level if all 
programming parameters are complied with. 


programming parameters Do not test or you may program the device. 


PARAMETERS 

CONDITIONS 

MIN 

RECOMMENDED 

VALUE 

MAX 

UNITS 

VCCP 

Required Vcc foi" Programming 


10.0 

10.5 

11.0 

V 

•CCP 

ICC During Programming 

Vcc = 11V 



400 

mA 

Vqp 

Required Output Voltage for Programming 


10.0 

10.5 

11.0 

V 

IQP 

Output Current while Programming 

VOUT^IIV 



20 

mA 

tRR 

Rate of Voltage Change of Vcc or Output 


1.0 


10.0 

V/ms 

PWE 

Programming Pulse Width (Enabled) 


9 

10 

11 

MS 

vccv 

Required VcC for Verification 


3.8 

4.0 

4.2 

V 

I^DC 

Maximum Duty Cycle for Vcc ^CCP 



25 

25 

% 


programming waveforms 



T1 = 100 ns min 

T2 = 5 MS min (T2 may be > 0 if V^Qp rises at the same rate or faster than Vqp) 
T3 = 100nsmin 
T4 = 100 ns min 
T5 = 100 ns min 

*PWE repeated for 5 additional pulses after verification of Vqh indicates 
a bit has programmed 
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National 

Semiconductor 


M OS ROMs 


MM1742 2048-bit read only memory 
general description 

The MM1742 is a 2048-bit static Rfead Only Memory 
which is electrically programmable and uses silicon gate 
technology to achieve bipolar compatibility. The device 
is a non-volatile memory organized as 256 8-blt words. 
Programming of the memory is accomplished by storing 
a charge in a cell location by applying a —47V pulse. 
Although a PROM die is used, factory programming 
is required, 

features 

■ Electrically programmed for fast turn-around 

■ Fully decoded, 256 X 8 organization 


■ Bipolar compatible 

■ TRI-STATE® outputs 

■ Pin compatible with the MM1702A, C1702A, and 
Cl 302. 

applications 

■ Code conversion 

■ Table look-up 

■ Micro-programming 

■ Character generator 

■ Random logic synthesis 


block and connection diagrams 


cs 



Note; In the read mode a logic "1” at the address inputs 
and data outputs is a high and logic "0" is a low. 


Dual-1 n~Line Package 

Vqd Vcc Vcc A3 A4 A5 A6 A7 Vgo Vcc Vcc 



Pin Names 


A0-A7 

Address Inputs 

■ ■ 

Chip Select Input 

DoUT I -DquT8 

Data Outputs 


Order Number MM1742J 
See Package 1 1 
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MM1742 



MM1742 


absolute maximum ratings (Note 1) 





Ambient Temperature 0°C to +70°C 

Storage Temperature -65°C to +125*^0 

Power Dissipation 2W 

Read Operation 

Input Voltages and Supply Voltages with +0.5V to “20V 

Respect to VCC 

Lead Temperature (Soldering, 10 seconds) 300°C 





dc characteristics 

Ta = 0°C to +70°C, Vcc “ 5V ±5%, VpD ~ ±5%, VqG ~ ±5%, unless otherwise noted. Typical values are at nominal 

voltages and Ta = 25°C. (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

«LI 

Address and Chip Select 
Input Load Current 

< 

2 

II 

O 

< 



1 

iuA 

«LO 

Output Leakage Current 

VquT = OV, CS = VcC - 2 



1 

/iA 

•ddo 

Power Supply Current 

VgG = Vcc, ^ = VcC - 2 
IOL = 0mA, Ta = 25°C, 
(Note 2) 


5 

10 

mA 

•ddi 

Power Supply Current 

CS = Vcc - 2, loL = 0 diA, 
Ta = 25°C 


35 

50 

mA 

•DD2 

Power Supply Current 

^ = 0, IqL = 0 mA, Ta = 25°C 


32 

46 

mA 

•DD3 

Power Supply Current 

CS = VcC ~ 2, Iql “ 0 mA, 
Ta = 0°C 


38.5 

60 

mA 

ICFI 

Output Clamp Current 

VoUT = “1V, Ta = 0°C 


8 

14 

mA 

•CF2 

Output Clamp Current 

VqUT--1V,Ta = 25°C 



13 

mA 

IGG 

Gate Supply Current 




1 

mA 

V|L1 

input Low Voltage for 
TTL Interface 


“1 


Vcc“4.1 

V 

V|L2 

Input Low Voltage for 
MOS Interface 


VdD 


VcC“6 

V 

V|H 

Address and Chip 
Select Input High 
Voltage 


Vcc-2 


Vcc+0.3 

V 

»OL 

Output Sink Current 

VouT " 0.45V 

1.6 

4 


mA 

iOH 

Output Source Current 

VOUT = OV 

-2 



mA 

VoL 

Output Low Voltage 

lOL = 10 diA 


-0.7 

0.45 

V 

VOH 

Output High Voltage 

lOH = -100/iA 

. 3.5 

4.5 


V 

Note 1; Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
and functional operation of the device at these or at any other condition above those indicated iri the operational sections of this specification is 
not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability. 

Note 2: Power-Down Option: Vqq may be clocked to reduce power dissipation. The average Iqd will vary between Iqdo *DD1 depending 

on the Vqq duty cycle (see typical characteristics). For this option, please specify MM1742ALJ. 
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ac characteristics 

Ta = 0°C to +70°C, Vcc = 5V ±5%, Vop = — 9V ±5%, Vqg = — 9V ±5%, unless otherwise noted. 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Freq. 

Repetition Rate 



' 1 , ; 

MHz 

tOH 

Previous Read Data Valid 



100 

ns 

tACC 

Address to Output Delay 


0.7 

1 

MS 

tDVGG 

Clocked Vqg Set-Up, (Note 1 ) 

1 



MS 

tcs 

Chip Select Delay 



100 

ns 

tco 

Output Delay From CS 



900 

ns 

too 

Output Deselect 



300 

ns 

tOHC 

Data Out Hold in Clocked Vqg Mode, (Note 1) 



5 

MS 


capacitance characteristics Ta = 25°c (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

C|N 

Input Capacitance 

All Unused 

V|N = VCC 


8 

15 

pF 

CoUT 

Output Capacitance 

Pins Are 

^ = vcc 


10 

15 

pF 

CvGG 

Vgg Capacitance, 
(Notel) 

At ac 
Ground 

VoUT = Vcc 
VgG = VcC 



30 

pF 


Note 3: This parameter is periodically sampled and is not 100% tested. 

read operation switching time waveforms 

(a) Constant Vqq Operation 




Conditions of Test; 

Input pulse amplitudes: 0~4V, t^, tf < 50 ns. 
Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpQ <15 ns,) C[_ = 15 pF. 


(b) Power-Down Option (Note 1) 


V|L- 

V,H- 


CLOCKED 

Vgg„ 



j-. — CYCLE TIME = 1/f — ^ 


3 

f-m 

t90!4 , A 

\r 


[ 

^ ^Ons— — — 



’DVGG 

> 

r ^ ^ 

V 


■ n 

(NOTED \ 


—-tACC j 

1 

DATA OUT \ 

INVALID \ 

/ DATA OUT 

/ INVALID 


VOL- 



Note 1: The output will remain valid for 
tQHC 9® clocked Vqq is at Vqq. An 

address change may occur as soon as the output 
is sensed (clocked Vqq may still be at Vqq). 
Data becomes invalid for the old address when 
clocked Vqq is returned to Vqq. 


Note 2: If CS makes a transition from V|l to 
V|H while clocked Vqq is at Vqq, then 
deselection of output occurs at tQo 9S shown 
in static operation with constant Vqq. 



MM1742 


MM1742 











National 

Semiconductor 


MOS ROMs 


MM4243/MM5243 2048-bit read only memory 


general description 

The MM4243/MM5243 is a 2048-bit static Read Only 
Memory which is electrically programmable and uses 
silicon gate technology to achieve bipolar compatibility. 
The device is a non-volatile memory organised as 256 
8*bit words or 512 4-bit wbrds. Programming of the 
memory is accomplished by storing a charge in a cell 
location by applying a -50V pulse. Although a PROM 
die is used, factory programming is required. Separate 
output supply lead is provided to reduce internal power 
dissipation in the output stage (Vn_). 

features 

■ Electrically programmed for fast turn-around 

■ Bipolar compatibility +5V, —12V operation 

■ High speed operation 1 jus max access time 


■ Pin compatible with MM5203Q, EPROM and the 
MM5213 masked ROM 

■ Static operation — no clocks required 

■ Common data busing {TRI-STATE*^ output) 

■ Chip select output control 

■ 256 X 8 or 512 X 4 organization 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Micro-programming 


block and connection diagrams 


1/01 1/08 



typical application 


256 X 8 PROM Showing TTL Interface 



Dual-ln-Line Package 



Order Number MM4243J or MM5243J 
See Packa^ 11 


Operating Modes 

256 X 8 ROM connection (shown) 

Mode Control — H IGH (Vss) 

A9 -LOW 

512 X 4 ROM connections , 

Mode Control — LOW (GND or V(3 q) 

A9 — Logic HIGH enables the odd (B1 , B3. . .87) outputs 

A9 — Logic LOW enables the even (B2, B4. . .B8) outputs 

The outputs are enabled when a logic LOW is appi ied to 
the Chip Select line. 



MM4243/MM5243 






MM4243/MM5243 


absolute maximum ratings 

All Input or Output Voltages with Respect 
to Vss 

Power Dissipation 
Operating Temperature Range 
MM4243 
MM5243 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


0,3V to -20V 
1W 

to +85°C 
O^'C to +70° C 
-65°C to+125°C 
300°C 


electrical characteristics 

T/\ within operating temperature range, Vss = 5V ±5%, Vdd “ V|_|_ = —12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ILI 

Input Current 

> 

o 

II 

z 

> 



1 

MA 

>LO 

Output Leakage 

VouT=0V,CS = Vss-2 



1 

MA 

iss 

Power Supply Current 

^=Vss-2,Ta = 25°C 


35 

55 

mA 

V|L 

Input LOW Voltage 


Vss- 10 


Vss-4 

V 

V|H 

Input HIGH Voltage 


VsS-2 


Vss+0.3 

V 

VoL 

Output LOW Voltage 

1.6 mA sink, -12.6V < Vll <-3V 



0.4 

V 

«CF 

Output Clamp Current 

VquT = -IV, Ta = 0°C, (Note 4) 
Vll = ”3V 


3.5 

0 

mA 



V.|_L = -12.6V 


8 

15 

mA 

vqh 

Output HIGH Voltage 

0.8 mA source 

2.4 



V 

tqh 

Data Hold Time 

(Min Access Time), (Figures 1 and 2) 



100 

ns 

tacc 

Access Time 

Ta = 25°C, (Note 2), (Figures 1 and 2} 


0.7 

1 

MS 

TCO 

Chip Select Time 

(Figures 1 and 3} 



500 

ns 

tqd 

Chip Deselect Time 

(Figures 1 and 3) 



500 

ns 

tcs 

Allowable Chip Select Delay 

(Figures 1 and 2) 

Allowable delay in selecting chip after change 
of address without affecting access time 



100 

ns 

C|N 

input Capacitance 

V|N = Vss,f= 1 MHz, (Note 1) 


8 

15 

pF 

Cqut 

Output Capacitance 

VOUT = Vss,^ = Vss - 2, f = 1 MHz, 


8 

15 

pF 



(Note 1 ) 






Note 1: Capacitances are not tested on a production basis but are periodically sampled. 
Note 2: ~ 1000 ns + 25(N-1 ) where N is the number of chips wired-OR together. 

Note 3; Measured under continuous operation. 

Note 4: Iqp flows out the V|_|_ pin, it does not flow out the Vqq pin. 


typical performance characteristics 
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Maximum Access Time (T/\ccl 
as a Function of Vqq Supply 
Voltage 
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MM4244/MM5244 


National 

Semiconductor 


MOS ROMs 


MM4244/MM5244 4096 -bit read only memory 


general description 

The MM4244/MM5244 is a 4096-bit static Read Only 
Memory which is electrically programmable and uses 
silicon gate technology to achieve bipolar compatibility. 
The device is a non-volatile memory organized as 512 
words by 8 bits per word. Programming of the memory 
is accomplished by storing a charge in a cell location by 
applying a —BOV pulse. Although a PROM die is used, 
factory programming is required. A logic input, "Power 
Saver," is provided which gives a 5:1 decrease in power 
when the memory is not being accessed. 

features 

■ Electrically programmed for fast turn-around 

■ Fast access time 

MM4244 1.25/is 

MM5244 ljus 

■ DTL/TTL compatibility 


■ Pin compatible with the MM5204 and the MM5214 

■ Standard power supplies 5.0V, -1 2V 

■ Static operation— no clock required 

■ Easy memory expansion— TRI-STATE® output Chip 
Select input (CS) 

■ Low power dissipation 

■ "Power Saver" control for low power applications 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 

■ Electronic keyboards 


block and connection diagrams 


Duai-in-Line Package 




Order Number MM4244J or MM5244J 
See Package 11 
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absolute maximum ratings (Notei) 


All Input or Output Voltages with 
Respect to Vgs 
Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 


0.3V to ~20V 
750 mW 
300°C 


Operating Temperature Range 
MM 5244 
MM4244 

Storage Temperature Range 


0°Cto +70° C 
to +85°C 
-65°Cto +125°C 


dc electrical characteristics Ta within operating temperature range, Vli_ = OV, MM4244: Vss = 5V ±10%, 
Vdd = *“12V ±10%, MM5244: Vgs ~ 5V ±5%, Vqd ” —12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 5) 

MAX 

UNITS 

V|L 

Input Low Voltage 


VdD-14 


VsS“4.2 

v' 

VlH 

Input High Voltage 


VsS-1-5 


Vss+0.3 

V 

ILI 

Input Current 

V||M = 0V 



1 

mA 

VOL 

Output Low Voltage 

Iql ~ 10 

Vll 


0.4 

V 

Vqh 

Output High Voltage 

•oh “0.8 mA 

2.4 


^SS 

V 

Ilo 

Output Leakage Current 

VouT = OV,CS = V|h 



1 

pA 

idd 

Power Supply Current 

Ta = 0°C,^S=V|h j 






MM 5244 

Power Saver = Vjl 


28 

40 

mA 


MM4244 

Power Saver = V|l 



50 

mA 


MM5244 

Power Saver = V|H 


6 

8 

mA 


MM4244 

Power Saver = V|H 



10 

mA 

iss 

MM5244 

Power Saver = V|[_ 



42 

mA 


MM4244 

Power Saver = V| |_ 



52 

mA 


MM5244 

Power Saver = V|H 



10 

mA 


MM4244 

Power Saver = V|H 



12 

mA 


ac electrical characteristics Ta within operating temperature range, Vll = OV, MM4244: Vss = 5V ±10%, 
Vdd = -■’^V ±10%, MM5244: Vss = &V ±5V, Vdd = -12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 5) 

MAX 

UNITS 

tACC 

Access Time 

(Figure 1 ), (Hole A) 






MM5244 

Ta = 70'’C 


0.75 

1 

ps 


MM4244 

Ta = 85°C 



1.25 

ps 

tPO 

Power Saver Set-Up Time 

(Figure 1) 






MM 5244 




1.8 

ps 


MM4244 




2 

ps 

tco 

Chip Select Delay 

(Figure 1} 






MM5244 




500 

ns 


MM4244 




600 

ns 

tOH 

Data Hold Time 

(Figure 1) 

30 

50 


ns 

tODC 

Chip Select Deselect Time 

(Figure!) 






MM5244 


30 

300 

500 

ns 


MM4244 


30 

300 . 

600 

ns 

tODP 

Power Saver Deselect Time 

(Figure U , 






MM5244 


30 

300 

500 

ns 


MM4244 


30 

300 

600 

ns 

C|N 

Input Capacitance (All Inputs) 

V||^ = Vss, f = 1 MHz, (Note 2) 


5 

8 

pF 

CouT 

Output Capacitance 
(All Outputs) 

V0UT= Vss, CS = V|H, 

f = 1 MHz, (Note 2) 


8 

15 

p F 


Notei: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used 

Logic "i".~ most positive voltage level 
Logic "0" = most negative voltage level 

Note 4 : tACC ^ 1000 ns + 25 (N-1) where N is the number of devices wire— OR 'd together. 

Note 5. Typical values are for nominal voltages and = 25“G,unless otherwise specified. 
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MM4244/MM5244 







MM4244/MM5244 


ac test circuit 


5.0V ±5% 



*^ACC' tco ^OD measured at output of MM4244/MM5244 


typical application 



switching time waveforms 



Note: All times measured with respect to 1 .5V level with t^ and tf < 20 ns. 

FIGURE 1. Read Operation 
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preferred format MM1742/MM4243/MM5243, MM4244/MM5244 


The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCII code from model 33 tele- 
type or TWX. The paper tape should be as the following example: 


Carriage return line feed 
allowed between F and 8. 


MSB (Pin 11) LSB(Pin 4) 


Leader: Rubout for f ff I 1 t t Trailer: Rubout for 

TWX or letter Key BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF 
for telex (at least for telex (at least 


All Address Inputs LOW 


All Address Inputs HIGH 


*Data Field: Must have only P's or N's typed between B and F. No nulls dr rubouts. Must have exactly eight P and N characters between 
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre- 
paring a tape, the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 256 or 512 words 
must be entered beginning with word 0, 


alternate format MM1742, MM4243/MM5243, MM4244/MM5244 
[Punched Tape (Note 1) or Cards] 


, b7, MSB (Pin 22) 


MM 

Positive Logic 


*bQ, LSB (Pin 15) 


Aooo ' onnoonoo n- 
AO'ii nnnoonon n 
Anoy, nnno/voniV'Tr^ 

AOOJ OiniOIMl A 
A. in A nri 1 1 1 1 I I 6 
Aons 01)0 1 I ion A 

AOOf, (VTO'iOOOO 0 

■vv. 7 on 1 1 11 on a 
. AOO'ts nonriooon 0 


A5I 1 01 01 own 

TB/ ..lAO— - 

TB6 1 bn 
TBb -^SO 
TB4 AOn 
TB3 010 
TB2 ino 
TBl 299 
1B01I97 


Note 1: The code is a 7-bit ASCII code oh 8 punch tape. The 
tape should begin and end with 25 or more "RUBOUT" punches. 
Note 2: The ROM input address is expressed in decimal form 
and is preceded by the letter A. 

Note 3: The total number of "1" bits in the output word. 
Note 4: The total number of "1" bits in each output column or 
bit position. 


M4244/MM5244 


MM2316A 


National 

Semiconductor 


MOS ROMs 


MM2316A 16,384-bit read only memory 


general description 

The MM2316A is a static MOS 16,384-bit read-only 
memory organized in a 2048-wprd-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode silicon-gate technology which provides 
complete DTL/TTL compatibility and single power- 
supply operation. 

Three programmable chip selects controlling the TRI- 
STATE® outputs allow for memory expansion. 


features 

■ Fully decoded 

■ Single 5V power supply 

■ Inputs and outputs TTL compatible 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip selects 

■ 2048 word by 8-bit organization 

■ Maximum access time— 450 ns 


Programming of the memory array and chip-select 
active levels is accomplished by changing one mask 
during fabrication. 


applications 

■ Microprogramming 

■ Control logic 

■ Table look-up 


block and connection diagrams 


logic symbol 


Dual-in-Line Package 


A7 A8 A9 AID 



01 02 03 04 05 06 07 08 



Order Number IVIIVI2316AJ 
See Package 1 1 
Order Number MM2316AN 
See Package 18A 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin -0.5V to +7V 

Operating Temperature Range 0‘’G to+70°C 

Storage Temperature Range -05°C to +150°C 

Power Dissipation , IW 

Lead Temperature (Soldering, 10 seconds) 300°C 

dC ctectrical characteristics (Ta within operating temperature range; Vqc “ 5 V ±5%, unless otherwise noted). 


PARAMETER 
(Note 3) 

CONDITIONS 

MIN 

TYP 
(Note 4) 

MAX 

UNITS 

Input Current (Ili) 

V|N = Oto Vec 



10 

ma 

Logical "1" Input Voltage (V|h) 


2.0 


vec+V-O 

V 

Logical “0" Input Voltage (V||_) 


-0.5 


0.8 

V 

Logical "1" Output Voltage (Vqh) 

ioh^-iooma 

2.2 



V 

Logical "0" Output Voltage (Vql) 

IqL = 2 mA 



0.45 

V 

Output Leakage Current (Iloh) 

VouT = 4V,CS=2.2V 



10 

mA 

Output Leakage Current (I lol) 

VOUT = 0.45V, CS = 2.2V 



-20 

fiA 

Power Supply Current (Icci) 

All Inputs = 5.25V, Data 
Output Open 


40 

98 

mA 


CONDITIONS 


capacitance 

PARAMETER 

(Note3) 


Input Capacitance (All 
Inputs) (C|n) 

Output Capacitance 
(COUT) 


ac electrical characteristics 

(Ta within operating temperature range, Vec “ 5V ±5%, unless otherwise specified) 
See ac test circuit and switching time waveforms. 


TYP 
(Note 4) 




6-13 


MM2316A 













MM2316A 


ac test circuit and switching time waveforms 


5V 



*=r FIGURE 1. Access Time , 

^Includes jig capacitance 

custom ROM programming 



Custom ROM programs are submitted to National in 
three formats: paper tape, punched cards or truth table, 
with punched cards being the preferred. These programs 
are converted into machine language and outputted on a 
magnetic tape. This magnetic tape is used to make the 
programmable mask and the test tape. The wafers are 
tested at the wafer level. The wafer is then scribed and 
the good dice assembled. After assembly, the units are 
tested using the custom test tape to assure the correct 
output pattern for every address. 

National has programs to convert NEGATIVE logic to 
POSITIVE or POSITIVE to NEGATIVE so ROMs can 
be entered in either logic, but the customer must specify 
which logic definition is used. 


PROGRAMMING DEFINITIONS 
Logic Definitions 

NEGATIVE Logic: "0" = Vh = the more positive 
voltage. "1 ” = Vi_ = the more negative voltage. 

POSITIVE Logic: "0" = V|_ = the more negative volt- 
age. "r" = Vh = the more positive voltage. 

Input/Output Definitions 

Address: AO is the least significant input address. 
Outputs: 01 is the least significant output. 

Custom ROM Programming 


INFORMATION NEEDED 

So that National can better serve its customers, the following information must be submitted with each ROM code. 


National Semiconductor Corporation 

2900 Semiconductor Dr., Santa Clara, CA 95051 

Phone (408) 737-5000 TWX 910-339-9240 

NATIONAL PART NUMBER 

ROM LETTER CODE (NATIONAL USE ONLY) 

NAME 

DATE 

ADDRESS 

CUSTOMER PRINT OR I.D. NO. 

CITY 

STATE ZIP 

PURCHASE ORDER NO. 

TELEPHONE 

NAME OF PERSON NATIONAL CAN CONTACT (PRINT) 

AUTHORIZED SIGNATURE 

DATE 


MM2316A 


8-Bit Tape Format 

Note 1: The code is a 7-bit ASCII code on 8 punch tape. 

Note 2: The ROM input address is expressed in decimal form and is preceded by the 
letter A. 

Note 3: The total number of "1 " bits in the output word. 

Note 4: The total number of "1 " bits in each output column or bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic, or NEG logic depending on which is used. Logic on addresses 
and outputs must be the same (either POS or NEG), 

Note?: Specify the pattern necessary to select the ROM. 


tape entry format (Notei) 
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card entry format 



Notel: Specify product type. 

Note 2: Must type POS logic or NEG logic depending on which is used. Logic on addresses, outputs and chip selects must be the 
same (either POS or NEG). 

Note 3: Specify the chip select logic levels that will enable the ROM. 

Note 4: The first ROM input address per card is expressed in decimal form and is preceded by the letter A, 

Note 5: Punch four address locations per card, only first location on each card has the address location expressed in decimal form. 
Note 6: The total number of "1" bits in all four addresses. 

Note?: Leading zeros must be punched. 

Note 8: The total number of "1 " bits in each output column or bit position. 
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MM4210/MM5210 


National 

Semiconductor 


MOS ROMs 


MM4210/ MM5210 1024-bit read only memory 
general description 


The MM4210/MM5210 is a 1024-bit static read 
only memory. It is a P-channel enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold technology. The device is a non-volatile 
memory organized as 256-4 bit words. Program- 
ming of the memory contents is accomplished by 
changing one mask during device fabrication. Cus- 
tomer programs may be supplied in a tape, card, or 
pattern selection format. 

features 

■ Bipolar compatibility 

■ High speed operation 500 ns typ 


■ Static operation no clocks required 

■ Common data busing output wire AND 

capability 

Chip enable output control. 


applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming. 


block and connection diagrams 



*The output is Enabled by applying 
a logic "1" to the Chip Enable line. 


typical application 

256 X 4 Bit ROM Showing TTL Interface'^ 


Dual-in-Line Package 



CHIP * '*'The outputs are connected to 
ENABLE through an internal MOS 

resistor when Disabled. 


Order Number MIVI4210J or MM5210J 
See Package 10 
Order Number MM521 ON 
See Package 15 



"^Resistor value can vary from 750t2 
to 30 kS2 depending on speed requirements. 


Note: For programming information see AN-100. 





absolute maxinnunn ratings 


Vqg Supply Voltage Vss— 30V 

Vdd Supply Voltage Vss-IOV 

Input Voltage (Vss -20)V < V,n < (Vss +0.3) 

Storage Temperature -65°C to +150°C 

Operating Temperature MM4210 ~55°C to +125°C 

MM5210 (fC to +70°C 

Lead Temperature (Soldering, 10 sec) 300°G 


electrical characteristics 

Ta within operating temperature range, Vgs = +12V ±5% and Vqg ~ -12V ±5%, unless otherwise specified. 



6-17 


MM4210/MM5210 









performance characteristics 


Guaranteed Access Time vs 
Supply Voltages 



Vss&Vgg (V) 


Power Supply Current vs 
Voltage 



Vss&Vgg(V) 


Typical Access Time vs 
Supply Voltages 

1000 

_ 800 

^ 600 
< 

400 
200 


Vss&Vgg (V) 


Power Supply Current vs 
Temperature 


26 



-50 -25 0 25 50 75 100 125 
TEMPERATURE TO 


timing diagram/address time 


+12V 



8 




National 

Semiconductor 


MOS ROMs 


MM421VMM5211 1024-bit read 
general description 

The MM4211/MM5211 is a 1024-bit static read 
only memory. It is a P-channel enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold technology. The device is a non-volatile 
memory organized as 256-4 bit words. Program- 
ming of the memory contents Is accomplished by 
changing one mask during device fabrication. 

features 

■ Bipolar compatibility +5V, -12V operation 

■ High speed operation < 700 ris typ 

■ Static operation no clocks required 


only memory 

■ Common data busing output wire AND 

capability 

■ Chip enable output control 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming 




M4211/MM5211 









MM4211/MM5211 


absolute maximum ratings 


Vss - 20V 

Vss-20V 

20)V<V,n<{Vss +0.3) V 
-65°Cto+150°C 
-55°C to+125°C 
0°Cto +70°C 
300°C 


electrical characteristics 


Ta within operating temperature range, Vss = +^V ±5%, Vqg ~ Vdq “ ~12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






MOS to TTL 






Logical "1” 

6.8K ±5% to Vqg One 



+0.4 

V 

Logical "0" 

Standard Series 54/74 Gate 

+2.4 



V 

Output Current Capability 






Logical “0" 

Vout = 2.4V 

2.5 



mA 

Input Voltage Levels 






Logical "1" 




Vss -4.2 

V 

Logical "0" 


Vss ” 2.0 



V 

Power Supply Current 

Ta = 25°C 





•dd 

Vss = +5V 


6.5 

12.0 

mA 

Igg (Note 1) 

Vqg “ VpD ” -12V 



1 

ma 

Input Leakage 

V,N = Vss-12V 



1 

aa 

Input Capacitance (Note 4) 

f= 1.0 MHz, V,N = 0V 


5 


pF 

VpG Capacitance (Note 4) 

f = 1.0 MHz, V,M = OV 


15 

'■25 

pF 

Address Time (Note 2) 

See Timing Diagram 





Taccess 

Ta = 25°C, 

Vss = 5V 

Vqg = Vpp = —12V 


700 

950 

ns 

Output AND Connection 

6.8K ±5% to Vgg One 



8 


(Note 3) 

Standard Series 54/74 Gate 






Note 1 : The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the 
output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature. 
Note 3: The address time in the TT.L load configuration follows the equation: 

TaccESS “ specified limit + (N -1 ) (50) ns 
Where N = Number of AND connections. 

Note 4: Capacitance guaranteed by design. 


Vqg Supply Voltage 
Vqp Supply Voltage 

Input Voltage (Vss •“ 

Storage Temperature 
Operating Temperature MM 421 1 
MM5211 

Lead Temperature (Soldering, 10 sec) 
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performance characteristics 


Power Supply Current vs 
Power Supply Voltages 



16.0 17.0 18.0 

Vss- Vgg (V) 


Power Supply Current vs 
Ambient Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE rC) 


Typical Access Time vs 
Power Supply Voltages 



16.0 17.0 18.0 


Vss - Vgg (V) 


Guaranteed Access Time vs 
Power Supply Voltages 
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Vss- V gg (V) 


timing diagram/address time 


■™-l 1 — rK INPUT A. 

ivJ L ^ 

ftWYTTI/nH '■■**’ in nF 


MM 4211 /'MMS 21 t I 


ANYTTL/DTL ""*“" l 0 oF 

GATE ~y~ 


10 pF any TTL/DTL — *-• 15 pF 

X X 
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MM4211/MM5211 



MM5212 


Semiconductor 


MOS ROMs 


MM5212 12,288-bit read only memory 
general description 


The MM5212 12,288-bit read only memory is a 
P-channel enhancement mode monolithic MOS 
integrated circuit utilizing a low threshold voltage 
technology and ion-implanted resistors. Open drain 
outputs provide a TTL compatible wire OR capa- 
bility with the addition of a 6.8 kl2 resistor. The 
ROM is organized in a 1024 word by 12-bit 
organization. 

features 


Standard supplies 


+5.0V,-12V 


■ Open drain outputs Wire OF 

■ Static operation 

■ TTL compatible inputs and outputs 

applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 


Wire OR capability 


schematic diagram 



*The output is enabled by applying a Logic High to the Chip Enable. 


connection diagram 


Dual-In-Line Package 


NC Vdo 0i2 0„ 0,0 O9 Og O7 Oe O5 ENABLE O4 O3 Oj 

|z 8 I27 I26 (25 |?4 1?3 I?? |zi 1?0 Il 9 I18 Il 7 I16 |l 5 


Note: For programming 
information see AN-100. 


j2 |3 jij j5 |6 j? |8 |g Jio pi ^2 jl3 j 14 

Vss NC NC Ag A5 A4 A3 Aj A,o A, Ag Ag Ay 0, 

MSB LSB LSB 

TOP VIEW 

Order Number MM5212AD Order Number MM5212AN 
See Package 7 See Package 19 



absolute maximum ratings 


Voltage at Any Pin Vgs + 0-5V to Vss “ 22V 

Power Dissipation at 25° C Ambient 800 mW 

Operating Temperature 0*^Cto +70°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics 

Ta within operating temperature range, Vss ~ +5.0V ±5%, Vdd == -12V ±5%, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data Input Levels (Note 1 ) 

1 





Logical High Level (V|h) 


+2.8 



V 

Logical Low Level (V|l.) 




+0.8 

V 

Data Output Levels (Note 1) 






Logical High Level (Vqh ) 

6.8 kO, ±5% to Vdd Plus One 

+2.4 



V 

Logical Low Level (Vql) 

Standard Series 54/74'Gate 



+0.4 

V 

Output Current Capability 






Logical High Level (Vih) 

^OUT “ 2.4V 

2.5 



mA 

Power Supply Current 

Ta =25°C, Vss = +5.0V 





)dd 

Vdd = -12V 


6.0 

10.0 

mA 

Standby Power Dissipation 

Vss = +5.0V, Vdd =-12V 
Chip Enable LOW 



170.0 

mW 

Input Leakage 

V,^,=Vss"10V 



1.0 

juA 

Address Time 

See Timing Diagram 





^access 

Ta = 25°C, Vss +5.0V 

Vdd = -12V 


3.5 

5.0 

MS 


Note 1: Positive logic definition. 


switching time waveforms 


ADDRESS 


CHIP ENABLE 



— — (DATA NOT VALID)— ^ 


1.SV 






x=: 

V 
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MM5212 




MM4213/MM5213 



National 

Semiconductor 


MOS ROMs 


MM4213/MM5213 2048-bit read 
general description 

The MM4213/MM5213 is a 2048-bit static read 
only memory. It is a P-channel enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold voltage technology. The device is a non- 
volatile memory organized as a 256-8 bit words or 
512-4 bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

features 

■ Bipolar compatibility +5V, -12V operation 

■ High speed operation 600 ns typ 

■ Pin compatible with MM5203 pROM 


only memory 

■ Static operation No clocks required 

■ Common data busing Output wire AND 

capability 

■ Chip enable output control 

■ TRI-STATE output 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 


block and connection diagrams 


SENSE 



Dual-In-Line Package 



Order Number MM4213J 
orMM5213J 
See Package 1 1 
Order Number MM5213N 
See Package 18 


Note: For programming information see AN-100. 
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absolute maximum ratings 


Vll Supply Voltage 
Vdp Supply Voltage 
Input Voltage 
Storage Temperature 
Operating Temperature MM4213 
MM52T3 


Lead Temperature (Soldering, 10 sec) 

electrical characteristics (Note d 


Vss - 20V 
Vss-20V 

(Vss - 20) V < V,N < (Vss + 0.3) V 
-65°Cto+150°C 
-55°Cto+125°C 
0°Cto+70°C 
300°C 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Current Capability 
Logical "1" 

Logical “0" 

I nput Voltage Levels 
Logical "0” 

Logical "1" 

Power Supply Current 
Iss (Note 2) 


Input Leakage 

Input Capacitance (Note 5) 

Address Time 
Taccess 

Output AND Connections (Note 4) 


VouT = 2.4V 
VouT = 0-4V 


Ta = 25"C 
Vss = +5V 
Vll = Vod = -12V 

V,^,--12V 
f = 1.0 MHz, V,N = 0V 

Ta = 25°C, Vss = +5.0V 

Vgg-Vdd = -12.0V 


200 

- 1.6 


Vss - 2.0 


20 


Vss - 4.0 


35 


tiA 

mA 


mA 

/iA 

pF 


600 


850 


10 


Note 1; These specifications apply for Vgs * +5.0V ±5%, Vll = — 12V, and T/j^ *= -55°C to +125°C (MM4213), T/\ == -25°C to 
+70®C (MM521 3) unless otherwise specified. 

Note 2: Outputs open. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
Note 4: The address time in the TTL load configuration follows the equation: T^qq^ss = The specified limit + (N - 1) (25) 
ns. Where N = Number of AND connections. 

Note 5: Capacitances are measured on a lot sample basis only. 


typical applications (con't) 



Operating Modes 

256x8 ROM connection (shown) 

Mode Control — Logic "1" 

Ag — Logic "O'* 

512x4 ROM connection 
Mode Control — Logic "0" 

Ag — Logic "1" Enables the odd 

(Bi, 63 . . . Bg) outputs 
- Logic "0" Enables the even 
(B 2 , B 4 . . . Bg) outputs. 

The outputs are "Enabled" when a logic "0" is 
applied to the Chip Enable line. 

Mode Control should be "hard wired" to V|_l 
(L ogical "1") or Vss (Logical "0"). 
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MM4213/MM5213 




MM4214/MM5214 


SemiconductDr 


MOS ROMs 


MM4214/MM5214 4096-bit static read only memory 


general description 

The M1VI4214/MM5214 4096-bit static read only 
memory is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing a low thresh- 
old voltage technology to achieve bipolar com- 
patibility. TRI-STATE© outputs provide wire 
ORed capability without loading common data 
lines or reducing system access times. The ROM 
is organized in a 512 word x 8-bit memory 
organization. 

Customer programs may be submitted for produc- 
tion in a paper tape or punched card format. 


features 

■ Pin compatible with MM5204 PROM 


■ Bipolar compatibility 

■ Standard supplies 

■ Bus ORable output 

■ Static operation 

applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 


No external 
components required 
+5.0V,-1 2V 
TR I -STATE outputs 
No clocks required 


logic and connection diagrams 


Ao Ai Aj 



timing diagram/address time 


Dual-ln-Line Package 


NC 1 
NC 2 
CHIP SELECT 3 
NC 4 



Order Number MM4214J 
or MM5214J 
See Package 1 1 
Order Number MM5214N 
See Package 18 


10 dF IPpF _ 15pF 

-L -12V JL J_ 


rVss-4 






1 

^1.5 



\ 



Note: For programming information see AN-100. 
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absolute maximum ratings 

VpD Supply Voltage Vgg -20V 

Input Voltage (Vss “ 20) V < V,n < (Vgg + 0.03) V 
Storage Temperature Range -65°C to +150°C 


Operating Temperature Range 

1VIM4214 -55°C to +125°C 

MM5214 -25'^C to +70°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics 

' Ta within operating temperature range, Vgs ~ +5.0V ±5%, Vpo = -12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






Logical Low Level (V|l) 

lj_ = 1.6 mA Sink 



0.4 

V 

Logical High Level (V,h) 

II = 100/xA Source 

2.4 



V 

Input Voltage Levels 






Logical Low Level (V^) 




Vss "4.0 

V 

Logical High Level (Vh) 


Vss -2.0 



V 

Power Supply Current 

Vss = 5 0V, Vdo = “12V, Ta = 25°C 


23 

37 

.mA 

0ss)(Note4) 






Input Leakage 

V,N = Vss - 10V 



1.0 

ma 

Input Capacitance (Note 2) 

f= 1.0 MHz, V,N =0V 


5.0 

10 

PF 

Output Capacitance (Note 2) 

f = 1.0 MHz, V,N =0V 


4.0 

10 

pF 

Address Time (TAccESsMNote 1) 

Vdd = "12V, Vss = 5.0V, Ta = 25°C 

150 


1000 

.IS 

Output AND Connections (Note 3) 




20 



Note 1: Capacitances are measured periodically only. 

Note 2: Address is measured from the change of data on any input or chip enable line to the output of a TTL gate. (See 
Timing Diagram.) 

Note 3: The address time follows the following equation: T^qq£ 5 s = The specified limit + (N— 1 ) x 25 ns where N = Number 
of AND connections. 

Note 4: Outputs open. 

Note 5: Positive true logic notation is used. Logic "1" = most positive voltage level. Logic "0" = most negative voltage level. 
Note 6: Chip is enabled when Chip Select is low. 

typical performance characteristics 


Guaranteed Access Time 
vs Supply Voltage 
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MM4214/MM5214 



MM 5215 



National 

Semiconductor 


MOS ROMs 


MM 5215 12,288-bit read only memory 
general description features 


The MM5215 12,288-bit static read only memory 
is a P-channel enhancement mode monolithic 
MOS integrated circuit utilizing low threshold 
voltage technology and ion-implanted resistors. 
TR I STATE® outputs provide wire-0 R capability 
without loading common data lines or reducing 
system access times. The ROM is organized in a 
1024x 12 bit word configuration. The Vqq supply 
may be brought to OV to reduce Internal power 
dissipation in the non-enabled mode to 10/xW/bit. 

Customer programs may be submitted on Hollerith 
coded punched cards. 


■ Static operation 

■ TRI-STATE outputs 

■ No clocks required 

■ +12V and -12V supplies 

■ Pin compatible with E.A. 3800 


applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 



connection diagram 

Dual-In-Line Package 

MSB CHIP 



Note: For programming 

information see AN-100. Order Number MM52 15 AD Order Number MM521 SAN 

See Package 7 See Package 19 
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absolute maximum ratings 


Vqg Supply Voltage 
Input Voltage 

Power Dissipation at 25°C Ambient 
Operating Temperature 
Storage Temperature 

Lead Temperature {Soldering, 10 seconds) 


Vss +0.5V to Vss -30V 
Vss +0 5V to Vgs -30V 
800 mW 
0°Cto +70°C 
“65° C to +150°C 
300°C 


electrical characteristics 

T^ within operating temperature range Vgs = +12V ±1.0V, Vqo == OV. Vqg “12V ±1.0V unless otherwise specified. 


PARAMETER 

Input Voltage Levels 
Logical"!” 

Logical "0" 

Output Voltage Levels 
Logical "1" 

Logical "0" 

Output Current 
Logical "1" 

Logical "0" 

Power Supply Current 
Iss 


Standby Power Dissipation 


CONDITIONS 


Vo = Vss 

Vo^Vgg-aOV ’ 

Vo = Vss -12V 
Vo = Vss - 6.0V 

Vss = +13V, Vdd = OV, 
Vgg=-13V 

Vss = +13V, Vdd =0V, 
Vgg = -T3V 

Vss = +12V. Vdd = OV 
Vgg ^ OV, T^ = 25°C 

Vss = +12V.Vdd = OV 
Vgg =-12V,Ta = 25°C 


Address Time 
^access 


Note t: Negative logic definition. 


Vss -9.0 


switching time waveforms 
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MM5215 



MM4220/MM5220 



National 

Semiconductor 


MOS ROMs 


MM4220/MM5220 1024-bit read only memory 


general description 

The MIV14220/MM5220 is a 1024-bit static read 
only memory. It is a P-channel enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold voltage technology. The device Isa non- 
volatile memory organized as 128-8-bit words or 
256-4-bit words. Programming of the memory con- 
tents is accomplished by changing one mask during 
the device fabrication. Customer programs may be 
supplied in a tape, card, or pattern selection format. 

features 

■ Bipolar compatibility 

■ High speed operation 500 ns typ 


■ Static operation no clocks required 

■ Common data busing output wire AND 

capability 

■ Chip enable output control. 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming 


block and connection diagrams 



or MM5220J 
See Package 11 
Order Number MM5220N 
See Package 18 


Note: For programming information see AN-100. 
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absolute maximum ratings 


Vq <3 Supply Voltage 
VpD Supply Voltage 
Input Voltage 
Storage Temperature 
Operating Temperature MM4220 
MM5220 

Lead Temperature (Soldering, 10 ; 


Vss“30V 

Vss-15V 

(Vss “20 )V<V,n < (Vss+0.3)V 
-65°C to +T50°C 
-55°Cto+125''C 
0°Cto+70°C 
:) 300® G 


electrical characteristics 

Ta within operating temperature range, Vss “ +12V ±5% and Vqq = -12V ±5%, unless otherwise specified. 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






MOSto MOS 






Logical "v* 
Logical "0" 

1 MS7to GND Load (Note 1) 

Vss -1-0 


Vss -9-0 

V 

V 

MOS to TTL 






Logical "1" 

6.8 kf2 to Vqg Plus One 



+0.4 

V 

Logical "0" 

Standard Series 54/74 Gate Input 

+2.4 



V 

Input Voltage Levels 






Logical "1” 




Vss -8.0 

V 

Logical “0” 


Vss -2.0 



V 

Power Suppl^y Current 

Ta = 25® e 





Vss 



19 

25 

mA 

Vqg (Note 1 ) 




1 

iuA 

Input Leakage 

V,n = Vss-12V 



1 

iuA 

Input Capacitance 

f= 1.0 MHz V,N = 0V 


5 


pF 

Access Time (Notes 2, 3) 

Ta-25®C 





T ACC ESS 

(See Timing Diagram) 

Vss = +12V Vgg = -12V 

150 

500 

650 

ns 

Output AND Connection 

MOS Load 
TTL Load 



3 

8 



Note 1; The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
See Timing Diagram. 

Note 3: The access time in the TTL load configuration follows the equation: T^CCESS “ specified time + (N - 1) (50) ns 
where N = number of AND connections. 
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MM4220/MM5220 



(tfui) ao, 


performance characteristics 


Guaranteed Access Time vs 
Supply Voltages 



10.8 12.0 13.2 


Typical Access Time vs 
Supply Voltages 



10.8 12.0 13.2 


Vss & Vgg (V) 


Vss&VoG(Vy 


Power Supply Current vs 
Voltage 



10.8 12.0 13.2 

Vss8.Vgg(V) 


Power Supply Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 
TEMPERATURE rC) 


timing diagram/address time 



+1ZV 


EITHER 




typical application 


128-8 Bit ROM Showing TTL Interface 



OPERATING MODES 

128x8 ROM connection 
Mode Control — Logic "0" 

Ag - Logic "1" 

256x4 ROM connection 
Mode Control - Logic "1" 

Ag ~ Logic "0" Enables the odd 

(Bi . . . 87 } outputs 
— Logic “1” Enables the even 
{B 2 . . . Bg) outputs. 

The outputs are "Enabled" when a logic "1" is 
applied to the Chip Enable line. 

The outputs are connected to V □ □ through an 
internal MOS resistor when "Disabled." 

The logic levels are in negative voltage logic notation. 
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MM4220AP/MM5220AP 


MM4220AP/MM5220AP 
BCDIC-to-ASCII code converter 


MOS ROMs 


general description 

The MM4220AP/MM5220AP is used for the con- 
version of the Binary Coded Decimal Interchange 
Code (BCD 1C) to the American Standard Code for 
Information Interchange (ASCII). 

The input is a seven-bit BCDIC code with the 
exception of the parity (check) bit (pin 18) which 
is returned to -H2V dc. The alternate set of input 
symbols is also shown in the Conversion Table for 
reference. 


The output is a seven-bit ASCII code, with an 
eighth bit generated for even parity. 


device characteristics 

For full electrical, environmental, and mechanical 
details, refer to the MM4220/MM5220 1024-bit 
read only memory data sheet. 


typical application 


connection diagram 



Dual-In-Line Package 



^Wlflde Control = Logic "0,'' Ag = Logic "1." 

"Chip Enable = Logic "1" to obtain outputs. 

Logic Levels: • 

DTL/TTL (except at MOS/ROM interface). Logic "1," +5.0V, NOM. Logie "0," gromid, NOWI. 
MOS/ROM inputs and outputs. Logic "1," more negative. Logic "0." more positive. 


Order Number MM4220AP/J or MM5220AP/J 
See Package 1 1 
Order Number MM5220AP/N 
See Package 18 
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code conversion table 












MM4220BM/MMS220BM 



National 

Semteonductor 


MOS ROMs 


MM4220BM/MM5220BM sine look-up table 


general description 

The MM4220BM/MM5220BM is a 1024-mono- 

lithic MOS read only memory thaft has been 
programmed to solve for the sine value x of a 
known angle 6 ; i.e., to obtain the solution of the 
equation X ~ sin 0 . 

Values of 8 are defined in the look up table for 
0 ° < 8 < 90° (quadrant I) whfch has corres- 
ponding solutions of 0 < X < 1 . For values of 
90° < 8 < 180° (quadrant II), enter the comple- 
ment (180° - 8 ) to obtain the correct solution. 
Solutions for quadrants III and IV differ in sign 
with I and II. This is summarized in Table 1. 

This input is divided into 128 parts for $ in each 
quadrant. Thus, the appropriate input address is 
(0 ^ /90°) ( 1 28) to the nearest whole ipteger. The 
actual input code to the ROM is the input address 
expressed in binary, with being the least 
significant bit. 

The output is the value of X expressed in binary. 
The output lines B, , 82 , ... - - 83 are binary place 
values 1/2, 1/4, . . . . . . 1/256. The sign for nega- 
tive values of X is externally generated. 

The 8 bit output code has been rounded off from 
a larger word code, i.e., where Ag was a binary 


"1" it carried Into the LSB of the eight bit code, 
where Ag was a binary “0" it was simply dropped. 

EXAMPLE 

Find the sine of 45? 

The input address is (45/90) 128 = 64 or 
1000000, as expressed in binary. The converter 
generates the output .10110101 whose decimal 
equivalent Is 0.707131. Thus, sin 45° = 0.707. 

Find the sine of 210 ? 

This value is in quadrant III; therefore 0^ = 210° - 
180° = 30°. The input address is then (30/90) 
128 ^ 43 to the nearest virhole integer. The binary 
input to the ROM is then 0101011. The output 
value is .10000001 or 0.503906. Thus, sin 210° = 
-0.504, with the sign generated by the external 
logic. The solution is within 1%; note that address 
43 is actually equal to 30.23°. 

device characteristics 

For full electrical, environmental and mechanical 
details refer to the MM4220/MM5220 1024-bit read 
only memory data sheet. 


connection diagram 


Dual-1 n-Line Package 



Order Number IV1M4220BM/J or MIVI5220BM/. 
See Package 1 1 

Order Number MM5220BM/N 
See Package 18 
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MM4220BM/MM5220BM 
















pattern selection form(con't) 
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MM4220DF/MM5220DF 



National 

Semiconductor 


MOS ROMs 


MM4220DF/MM5220DF 
"quick brown fox" generator 

general description 

The MIVI4220DF/MM5220DF is designed for exer- 
cising and rapid testing of ASCII and Baudot- 
coded keyboards, typing mechanisms, and data 
communications links by generating the interna- 
tionally accepted "Quick Brown Fox" message. 

The input is a 7-bit binary sequential count. The 
output of a 6 stage up-counter can be used; a 
seventh bit selects the desired code. The message 
is generated in the 5-bit Baudot Communications 
Set code with a binary count input of 0 to 63. The 
message is generated in the 7-bit American Stan- 
dard Code for Information Interchange (ASCII) 


along with an even parity bit for a binary count 
input of 64 to 127. 

device characteristics 

The message generator is fully contained on a 
monolithic MOS integrated circuit chip utilizing 
low threshold voltage technology for increased 
DTL/TTL compatibility. For complete electrical, 
environmental, and mechanical details, refer to the 
MM4220/MM5220 1024-bit read only memory 
data sheet. 


typical applications 


connection diagram 



^Wlode Control = Logic "O," Aa = Logic "1." 

*Chip Enable = Logic ”1" to obtain outputs. 

Logic Levels: 

DTL/TTL (except at MOS/ROM interface). Logic "1," +5.0V, NOWI. Logic "0," ground, NOM, 
WIOS/ROM inputs and outputs. Logic "1," rnore negative. Logic "D," more positive. 


Outputs for circuit sliown 
Baudot: Logic "0" = "punch" 
ASCII: Logic inversion 


Dual-In-Line Package 



Order Number MM4220DF/J 
or MM5220DF/J 
See Package 1 1 

Order Number MM5220DF/N 
See Package 18 


A typical application showing the ASCII-coded test 
message as received at a computer terminal. 


THE QUICK BR0WN F0X JUMPS 0VER THE LAZY D0G 123-4^67890 DE 
THE QUICK 3R0WN F0X JUMPS 0VER THE LAZY D0G 123A567890 DE 
THE QUICK BR0WN F0X JUMPS 0VER THE LAZY O0G 123-4567890 DE 
THE QUICK BR0UN F0X JUMPS 0VER THE LAZY D0G 1234567890 DE 
THE QUICK BR0WN F0X JUMPS 0VER THE LAZY D0G 1234567890 DE 
THE QUICK BH0WN F0X JUMPS OVER THE LAZY DOG 1234567890 DE 
THE QUICK BR0WN F0X JUMPS OVER THE LAZY D0G 1234567690 DE 
THE QUICK BR0WN F0X JUMPS OVER THE LAZY D0G 1234567690 DE 
THE QUICK BROWN F 0X JUMPS OVER THE LAZY DOG 1234567890 DE 
THE QUICK BROWN F0X JUMPS OVER THE LAZY DOG 1234567890 DE 
THE QUICK BR0WN FOX JUMPS 0VER THE LAZY DOG 1234567890 OE 
THE QUICK BROWN F0X JUMPS 0VER THE LAZY DOG 1234567890 DE 
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OUTPUT CODE 

OUTPUT 

CHARACTER 

Baudot 

- - 5 4 3 2 1 


OUTPUT T 

ADDRESS CHARACTER Y be bs b4 b3 b2 b^ 



B8 B7 B6 B5 B4 B3 B2 B1 
ASCII: Logic inversion 


SP = Space 

Note: When chip enable input is at a logical 0, all outputs are at a logical 1 . 
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MM4220EK/MM5220EK 



National 

Semiconductor 


MOS ROMs 


MM4220EK/MM5220EK 

BCDIC-to-EBCDIC and ASCII-to-EBCDIC code converter 


general description 

TheMM4220EK/MM5220EKisa 1024-bitread only 
memory that has been programmed to convert 
both Binary Coded Decimal Interchange Code 
(BCD 1C) and the American Standard Code for 
Information Interchange (ASCII) to Extended Bi- 
nary Coded Decimal Interchange Code (EBCDIC). 
The BCDlC-to- EBCDIC converter is located in the 
first 64 8-bit bytes of the ROM. The unused parity 
check bit (the most significant input BCD 1C bit) is 
always a “0". 

The ASCII-to-EBCDIC converter is located in the 
second 64 8-bit bytes of the ROM. Thus, the input 


ASCII code in addresses 64 through 127 has a "1" 
in the most significant (A7 ) bit which is used with 
the selection logic, the resulting 6-bit ASCII input 
is for display— only upper case and numerical 
codes, since it will not accept the control com- 
mands or the lower case characters. 

device characteristics 

For full electrical, environmental and mechanical 
details, refer to the MM4220/MM5220 1024-bit 
read only memory data sheet. 


typical application 


connection diagram 


Dual-1 n-Line Package 



■•^IVlode Control = Logic "0," As = Logic ”1 
*Chip Enable - Logic "1" to obtain outputs. 


Logic Levels: 

OTL/TTl (except at MOS/ROM interface). Logic “1," +5.0V, NOWI. Logic "0," ground, NOWl. 
MOS/ROWI inpots and outputs. Logic "1," more negative. Logic "0," more positive. 



Order Number MM4220EK/J 
orMM5220EK/J 
See Package 1 1 
Order Number MM5220EK/N 
See Package 18 
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code conversion tables 








code conversion tables(con't) 












National 

Semiconductor 


MOS ROMs 


MM4220LR/MM5220LR BCDIC to ASCII-7/ 


ASCII-7 to BCDIC code converter 
general description 

The MM4220LR/MM5220LR is a 128 x 8 read 
only memory which has been programmed to con- 
vert the 64 characters of the Binary Coded Decimal 
Interchange Code (BCDIC) to the American Stan- 
dard code for Information Interchange in seven 
bits (ASCII-7). 

The first half of the ROM, from address 0 to 


address 63, converts the 64 character ASCII 
graphic subset to BCDIC. The tables show the 
character assignments and their binary equivalents. 

For electrical, environmental and mechanical de- 
tails, refer to the MM4220/MM5220 data sheet. 


typical applications and connection diagram 


BCDIC to ASCII 



^Mode Control = Logic "0," Ab = Logic “1." 

*Chip Enable = Logic "1" to obtain outputs. 

Logic Levels: 

DTL/TTL {except at MOS/ROIW interface). Logic "1," +5.0V, WOM. Logic "0," ground, NOM. 
MOS/ROM inputs and outputs. Logic "1," more negative. Logic "0," more positive. 


Dual -In- Line Package 



Order Number MM4220LR/J 
or IVIM5220LR/J 
See Package 1 1 
Order Number MM5220LR/N 
See Package 18 


ASCII to BCDIC 



Logic Levels: 

OTL/TTL (except at MOS/ROM interface). Logic "1," +5.0V, MOM. Logic "0," ground, NOM. 
MOS/ROM inputs and outputs. Logic "1," more negative. Logic "0," more positive. 
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MM4220LR/MM5220LR 
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MM4220LR/MM5220LR 


















MM4221/MM5221 



National 

Semiconductor 


MOS ROMs 


MM4221/MM5221 1024-bit read only memory 


general description 

The MM4221/IVIM5221 is a 1024-bit static read 
only memory. It is a P-channel enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold voltage technology. The device is a non- 
volatile memory organized as 128-8-bit words or 
256-4-bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

features 

■ Bipolar compatibility -f5V, -12V operation 

■ High speed operation <700 ns typ 


■ Static operation no clocks required 

■ Common data busing output wire AND 

capability 

■ Chip enable output control 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming. 


block and connection diagrams 



Duai-in-Line Package 



Order Number MM4221J 
or MM5221J 
See Package 1 1 
Order Number MM5221N 
See Package 18 


Note; For programming information see AN-100. 
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absolute maximum ratings 





Vqg Supply Voltage 

Vss - 20V 




Vdd Supply Voltage 

Vss - 20V 




Input Voltage 

(Vss - 20)V < V,N < (Vss +0.3)V 




Storage Temperature 

-65°Cto+150°C 




Operating Temperature MM4221 -55 C to +125 C 




MM5221 0°Cto+70°C 




Lead Temperature (Soldering, 10 sec) 

300° C 




electrical characteristics 





Ta within operating temperature range, Vss = +5V ±5%, Vqg " Vpo = -12V ±5%, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






MOS to TTL 






Logical "1" 

6.8 kJTZ ±5% to Vgg 



+0.4 

V 

Logical "0" 

Standard Series 54/74 Gate 

+2.4 



V 

Output Current Capability 






Logical "0" 

VouT = 2.4V 

2.5 



mA 

Input Voltage Levels 






Logical "1" 




Vss -4.2 

V 

Logical "0" 


Vss - 2.0 



V 

Power Supply Current 

Ta = 25°C 





•dd 

Vss = +5V 


6.5 

12.0 

mA 

iGG(Notel) 

Vgg = VpD = -12V 



1 

mA 

Input Leakage 

V,N- Vss - 12V 



1 

mA 

Input Capacitance 

f= 1.0 MHz, V,N = 0V 


5 


pF 

Vgg Capacitance (Note 4) 

f = 1.0 MHz, V,N = OV 


15 

25 

pF 

Address Time (Note 2) 

See Timing Diagram 





^ACCESS 

Ta = 25°C, 

Vss = 5V 

Vgg = Vdd = -12V 


700 

950 

ns 

Output AND Connections 

6.8 kf2 ±5% to Vqg Plus One 



8 


(Note 3) 

Standard Series 54/74 Gate 





Note 1 : The Vqq supply may be clocked to reduce device power without affecting access time. 



Note 2: Address time is measured from the change of data on any input except mode control or Chip 


Enable line to the output of 

a TTL gate. (See Timing Diagram). See curves for guaranteed limit 


over temperature. 






Note 3: The address time in the TTL load configuration follows the equation: 




^ACCESS ^ specified limit + (N - 1 ) (50) ns 

Where N = Number of AND connections. 





Note 4: Capacitance guaranteed by design. 
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MM4221/MM5221 


performance characteristics 


Power Supply Current vs 
Power Supply Voltages 



16.0 17.0 18.0 

Vss-Vgg (V) 


Power Supply Current vs 
Ambient Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE rC) 


Typical Access Time vs 
Power Supply Voltages 


Guaranteed Access Time vs 
Power Supply Voltages 



Vss - Vgg (V) 



16.0 17.0 18.0 


Vss - Vgg (V) 


timing diagram/address time 


:_n_ 
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typical application 


128-8 Bit ROM Showing TTL Interface 



OPERATING MODES 

128x8 ROM connection 
Control — Logic "O" 

As - Logic "l" 

256x4 ROM connection 
Control — Logic “1" 

Ag — Enables the odd (Bj . . . B 7 ) or even 
(B 2 . . . Bg ) outputs: 

The outputs are “Enabled” when a logic ”1” is 
applied to the Chip Enable line. 

The outputs are connected to ground through an 
internal MOS resistor when “Disabled." 

Logic levels are negative true MOS logic. 

Mode control should be “hard wired" to either 
Vdd (logical “1") or Vss (logical “0"), 

The logic levels are in negative voltage logic notation. 


MM4221/MM5221 




MM4221RR/MM5221RR 


National 
Semiconductor 


M OS ROMs 


MM4221RR/MM5221RR ASCII’7 to EBCDIC code converter 


general description 


The MM4221RR/MM5221RR is a 1024-bit read- 
only memory that has been programmed to con- 
vert between the 128 characters of ASCI I -7, the 
American Standard Code for Information Inter- 
change in seven bits, and EBCDIC, an extended 
binary coded decimal interchange code. This con- 
version follows the EBCDIC character assignments 
used in the IBM 1130 computer. 


Certain arbitrary assignments have also been made 
for maximum usefulness, and in the^se two areas 
the part differs from the MM4230QY/MM5230QY, 
which follows American National Standard ANSI 
X3.26 recommendations for character assignments. 

For electrical, environmental and mechanical de- 
tails, refer to the MM4221/MM5221 data sheet. 






code conversion tables 


ROM 

ADDRESS 

FUNCTION 


— ^ — — 

INPUT 

OUTPUT 

COI 

3E 

ASCII 

SYMBOL 

EBCDIC 

SYMBOL 

INPUT 

OUTPUT 

MSB 

LSB 

MSB LSB 

0 

NULL 

Bssm 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

■■ 

n 

MM 


0 

1 

SOH 

IIIIIIII^QQIIII^ 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

2 

STX 


0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

■ai 

0 

\mm 

1 

0 

3 

ETX 

ETX 

0 

0 

0 

KB 

0 

1 

1 

0 

0 

0 

mm 

0 

0 

1 

1 

4 

EOT 

EOT 

0 

0 

mm 

0 

1 

0 

0 

0 

0 

1 

1 

0 

1 


1 

5 

ENQ 

ENQ 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

6 

ACK 

HE33Hli 

0 

mm 

mm 

mm 

mm 

1 

0 

0 

0 

1 

wm 

mm 

iOi 

'■Ql 

0 

7 

BEL 

BEL 

0 

mm 

mm 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

1 

8 

BS 

BS 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

9 

HT 

HT 

0 

mm 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

to 

LF 

lf 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

mm 

wm 


0 

1 

11 

VT 

VT 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

n 

lenn 

1 

1 

12 

FF 

FF 

0 


0 

1 

1 

0 

0 

0 

0 

■■ 

KB 

wm 

\mm 

'KH 

0 

13 

CR 

CR 

0 

wm 

mm 

mm 

mm 

0 

1 

mm 

iim 

mm 

mm 

1 

in 

KK 

1 

14 

SO 

SO 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

0 

16 

SI 

SI 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

16 

DLE 

DLE 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

DC1 

DC1 

0 

0 

1 

' 


0 

0 

1 

0- 

0 

0 

1 

0 

0 

0 

, 1 

15 

DC2 

WMSSSKtKL 

V— 

^ ^ - 

0 

0 

0 

1 

0 

0 

1 

0 

19 

DC3 

HESEfll 

1 

: _ ! 

CONTINUING BINARY 
SEQUENCE 

1 

1 

0 1 0 0 0 0 0 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

0 

0 

0 

mm 

0 

0 

1 

1 

20 

DC4 

HESHi 

0 

0 

1 

mm 

mm 

m 

0 

1 

21 

NAK 

NAK 

0 

0 

wm 

1 

> 

ling 

KK 


22 

SYN 

nnnoQim 

0 

0 

1 

■01 

mm 



0 

23 

ETB 

EOB 

0 

0 

1 

0 

Ki 

Bfll 

1 

0 

24 

CAN 

CAN 

0 

0 

mm 

1 


0 

0 

0 

25 

EM 

■qjSiHH 

0 

0 


1 

1 

IKi 

■oil 

1 

26 

SUB 

SUB 

0 

0 

1 

1 


m 

1 

1 

27 

ESC 

BYP 

0 

0 

1 

0 

0 

1 

0 

0 

28 

FS 

FLS 

0 

0 

0 

1 

1 

1 

0 

0 

29 

GS 

GS 

0 

0 

0 

1 

1 

1 

0 

1 

30 

RS 

RDS 

0 

0 

0 

1 


1 

1 

0 

31 

US 

US 

0 

0 

0 

1 

1 

1 

1 

1 

32 

SP 

SP 

0 

1 

0 

0 

0 

0 

0 

0 

33 

! 

! 

0 

1 

0 

T 

1 

0 

1 

0 

34 


" 

0 

1 

1 

1 

1 

1 

1 

1 

35 

# 

# 

0 

1 

1 

1 

1 

0 

1 

1 

36 

$ 

$ 

0 

1 

0 

1 

1 

0 

1 

1 

37 

% 

% 

0 

1 

1 

0 

1 


0 

0 

38 

& 

& 

0 


0 

1 

0 

0 

0 

0 

39 



0 

1 

1 

1 

1 

1 

0 

1 

40 

( 

{ 

0 

1 

0 

0 

1 

1 

0 

1 

41 

> 

) 

0 

1 

0 

1 

1 

1 

0 

1 

42 

• 

• 

0 

1 

0 

1 

1 

1 

0 

0 

43 

+ 

+ 

0 

1 

0 

0 

1 

1 

1 

0 

44 



0 

1 

1 

0 

1 

0 

1 

1 

45 

- 

- 

0 

1 

1 

0 

0 

0 

0 

0 

46 



0 

1 

0 

0 

1 

0 

1 

1 

47 

/ 

/ 

0 

1 

1 

0 

0 

0 

0 

1 

48 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

49 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

50 

2 

2 

1 

1 

1 

1 

0 

0 

1 

0 

51 

3 

3 

1 

1 

1 

1 

0 

0 

1 

1 

52 

4 

4 

1 

1 

1 

1 

0 

1 

0 

0 

53 

5 

5 

1 

1 

1 

1 

0 

1 

0 

1 

54 

6 

6 

1 

1 

1 

1 

0 

1 

1 

0 

55 

7 

7 

1 

1 

1 

1 

0 

1 

1 

1 

56 

8 

8 

1 

1 

1 

1 

1 

0 

0 

0 

57 

9 

9 

1 

1 

1 

1 


0 

0 

1 

58 



0 

1 

1 

1 


0 

1 

0 

59 

; 


0 

1 

0 

1 

1 

1 

1 

0 

60 

< 

< 

0 

1 

0 

0 

1 

1 

0 

0 

61 


= 

0 

1 

1 

1 

1 

1 

1 

0 

62 

> 

> 

0 

1 

1 

0 

1 

1 

1 

0 

63 

7 


A? 1 Ae 1 A5 1 A4 1 A3 1 A2 I Ai 

0 


1 

0 

1 

1 

1 

1 

Ba 

B? 

Be 

Be 

B4 

B 3 

B2 

Bl 


MM4221RR/MM5221RR 








MM4221RR/MM5221RR 


code conversion tables(con't) 


ROM 

ADDRESS 

FUNCTION 

CODE 

INPUT 

OUTPUT 

ASCII 

SYMBOL 

— 

EBCDIC 

SYMBOL 

INPUT 

OUTPUT 

MSB LSB 

MSB LSB 

64 

@ 

(a 

o 

o 

o 

o 

o 

o 

0 

1 

1 

1 

1 

1 

0 

0 

65 

A 

A 

1 

1 

0 

0 

0 

0 

0 

1 

66 

B 

B 

1 

1 

CONTINUING BINARY 
SEQUENCE 

1 

1 

1 

1 1 0 0 0 0 0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

0 

67 

C 

C 

1 

1 

0 

0 

0 

0 

1 

1 

68 

D 

D 

1 

1 

0 

0 

0 

1 

0 

0 

69 

E 

E 

1 

n 

mm 

ID 

lIQI 

1 

0 

1 

70 

F 

F 

1 

1 

0 

0 


1 

1 

0 

71 

G 

G 

1 

1 

0 

D 

;||||Q 

1 

1 

1 

72 

H 

H 

HDI 

1 

0 

0 

1 

0 

0 

0 

73 

1 

» 

HQIi 

1 

0 

0 

1 

0 

D 

1 

74 

J 

J 

1 

1 

0 

1 

0 

0 

0 

1 

75 

K 

K 

1 

1 

0 

1 

■i 

0 

■■ 

0 

76 

L 

L 

1 

1 

mm 


0 

0 

1 

1 

77 

M 

M 
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National 

SemiconductDr 


MOS ROMs 


MM4230 / MM5230 2048-bit read only memory 


general description 

The MM 4230/ MM 5230 is a 2048-bit static read 
only memory. It is a P-channel enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold voltage technology. The device is a non- 
volatile memory organized as 256-8 bit words or 
512-4 bit words. Programming of the memory con- 
tents is accomplished by changing one mask during 
the device fabrication. Customer programs may be 
supplied in a tape, card, or pattern selection format. 

features 

■ Bipolar compatibility 

■ High speed operation 500 ns typ 


■ Static operation no clocks required 

■ Common data busing output wire AND 

capability 

■ Chip enable output control. 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming. 


block and connection diagrams 



Dual-In-Line Package 



Order Number IVIIVI4230J 
or MM5230J 
See Package 1 1 
Order Number MM5230N 
See Package 18 


Note; For programming information see AN-100. 
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MM4230/MM5230 




MM4230/MM5230 


absolute maximum ratings 


Vqg Supply Voltage Vss“ 30V 

Vpp Supply Voltage Vss— 15V 

Input Voltage (Vss -20)V < V,n < (Vgs +0,3)V 

Storage Temperature -65°C to +1 50°C 

Operating Temperature 1V1M4230 -55°C to +125'’C 

MM5230 0°Cto+70'’C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics 

Ta within operating temperature range, Vss = +12V ±5% and Vqg -12V ±5%, unless otherwise specified. 



Note 1: The Vqg supply may be clocked to reduce device power without affecting access time. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
See Timing Diagram. 

Note 3: The access time in the TTL load configuration follows the equation; T^CCESS the specified time + (N - 1 ) (50) ns 
where N = number of AND connections. 

Note 4: The above logic levels are indicated in negative logic notation. 
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performance characteristics 


Guaranteed Access Time 
vs Supply Voltages 



12.0 

Vss & Vgg (V) 


Typical Access Time vs 
Supply Voltages 


^ 400 125“C"^ 

70°C- 

200 M-l- 

25 " cr 


12.0 

Vss & Vgg (V) 


Power Supply Current 
vs Voltages 
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vs Temperature 
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timing diagram/address time 
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MM4230/MM5230 





MM4230/MM5230 


typical application 


256 X 8 Bit ROM Showing TTL Interface 



^See operating mode notes. 

*R values can vary from 740S2 to 30 kS2. 


OPERATING MODES 


128x8 ROM connection 
Mode Control - Logic “0" 

Ag — Logic "1" 

256x4 ROM connection 
Mode Control — Logic 
Ag - Logic "0" Enables the odd 

(Bi . . . 87 ) outputs 
— Logic "1" Enables the even 
(82 . . . 8 «) outputs. 

The outputs are “Enabled" when a logic "1" is 
applied to the Chip Enable line. 

The outputs are connected to Vqd through an 
internal MOS resistor when “Disabled." 

The logic levels are in negative voltage logic notation. 
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National 

Semiconductor 


MOS ROMs 


MM4230BO/MM5230BO, MM4231CMU/MM5231CMU 
Hollerith to ASCII code converter 

general description 


The MM4230BO/MM5230B0 2048-bit MOS read- 
only memory has been programmed to convert the 
12 line Hollerith punched card code to eight level 
ASCII. This conversion conforms to the American 
National Standard (ANSI x 3.26 — 1970). Three 
TTL 4-input NAN D gates, and three inverters are 
used to compress the 12 Hollerith lines to eight- 


line binary encoded form suitable for use by the 
read-only memory. This application is shown 
below. 

For electrical, environmental and mechanical de- 
tails, refer to the MM4230/I\/IM5230 or the 
MM4231/MIV15231 data sheets. 


typical application 


Note 1: Vss = +12V *10%, Vdd = GND, Vgg = -12V *10%. 

Note 2: The Hollerith input data (lines 1 through 12) is considered to be from 
normallv open switches returned, in the case of a punched hole, to GND as shown. 


J- ^J- 


connection diagram 


Dual-ln-Line Package 



Order Number MM4230BO/J 
MM5230BO/J, MM4231CMU/J 
or MM5231CMU/J 
See Package 1 1 
Order Number MM5230BO/N 
or MM5231CIVIU/N 
See Package 18 
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MM4230BO/MM5230BO. MM4231CMU/MM5231CMU 



MM4230BO/MM5230BO, MM4231CMU/MM5231CMU 


code conversion table 

Hollerith to ASCII 






1 








■ 







& 

- 

m 

E3 

n 








i^B 


IB 



1 

A 

J 

D 

D 

a 

BB 





IM 

EB 

IBS 

B9 

B9 

DD 

m 

2 

B 

Oi 

m 

B 

b 

BB 

5 


QQI 

ES3 

EB 

aoi 

afl 

BQQI 

BQ 


BB 

3 

C 

ni 

D 

B 

c 

1 

t 

13/11 


BHci 

EB 



lEBII 

BBi 

HBH 


4 

D 

— 

D 

B 

d 

m 

U 


BB 

PBl 

m 

EBI 

BBB 

HiBH 

BBi 

HHH 

9 -4 

5 

E 

m 

D 

B 

e 

n 

V 

IHHcl 

B9 

ISM 

BB 



BiBIS 

BH 

HBH 

BB 

6 

F 

0 

Qj 

B 

f 

0 


BBB 


la 

EB 

KB 

BHB 

IBBHI 

IBB 

m 


7 

m 

p 

D 

B 

g 

P 

X 

Bsa 

wm 

m 

BSM 

EB 


IBBH 

HBl 

ICTB 

mi 

8 

H 

Q 

Y 

8 

h 

q 

y 

14/0 

9/7 

CAN 

8/8 

9/8 

10/7 

11/0 

11/8 

12/2 

9 -8 

9 

1 

R 

Z 

9 

i 

,r 

z 

14/1 

8/13 

EM 

8/9 

9/9 

NUL 

DLE 

8/0 

.9/0 

9-8-1 

8-2 

[ 

1 

\ 


12/4 

12/11 

13/2 

14/2 

8/14 

9/2 

8/10 

9/10 

14/8 

14/14 

15/4 

15/10 

9-8-2 

8-3 


$ 


# 

12/5 

12/12 

13/3 

14/3 

VT 

8/15 

8/11 

9/11 

14/9 

14/15 

15/5 

15/11 

9-8-3 

8-4 

< 

* 

% 

@ 

12/6 

12/13 

13/4 

14/4 

FF 

FS 

8/12 

DC4 

14/10 

15/0 

15/6 

15/12 

9-8-4 

8-5 

{ 

) 

- 


12/7 

12/14 

13/5 

14/5 

CR 

GS 

END 

NAK 

14/11 

15/1 

15/7 

15/13 

9-8-5 

8-6 

+ 


> 

= 

12/8 

12/15 

13/6 

14/6 

SO 

RS 

ACK 

9/14 

14/12 

15/2 

15/8 

15/14 

9-8-6 

8-7 

! (D 

A (0 

7 


12/9 

13/0 

13/7 

14/7 

SI 

US 

BEL 

SUB 

14/13 

: 15/3 , 

15/9 

15/15 

9-8-7 


0 may be entries of Form A/B refer to the unassigned locations in the right hand side of the ASH table 

(bit Es = 1 ) designated for specialist use. (See National Bureau of Standards Technical Note No. 478. 

© mav be "~i" 

Note: For the full ASCI 1-8 Code Table, see MM4230QY/MM5230QY data sheet. 
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^ National 
JlSt Semiconductor 


MOS ROMs 


MM4230KP/MIVI5230KP ASCII-7 to selectric code converter 
general description 

The MM4230KP/MM5230KP MOS read-only mem- 
ory has been programmed to perform the conver- 
sion between the American Standard Code for 
information Interchange in seven bits (ASCII) 
and the Selectric correspondence bail code trans- 
mitted arid received by the IBM Series 7 input/ 
output printers. 

application hints 

The ASCII field and Selectric bail code field as 
defined do not map exactly: for Instance "space" 
is handled as a normal 7-bit code In ASCII, but is 
handled as a unique switch and solenoid pair in the 
Selectric printer. And even among the graphic 
characters, ± and d exist only for Selectric, and > 


and < only for ASCII. The former problem is 
handled in the MM4230KP/MM5230KP by ex- 
ploiting the inherent redundancy of the bail code 
(see Table 2). The latter inconsistency is resolved 
by making arbitrary equivalences between the 
unique characters. The two tables show the treat- 
ment of both the characters which have equivalents 
in both codes, and those characters, and the func- 
tions, which do not. Encoding and decoding the 
Selectric functions that the user requires is a 
matter of conventional Boolean logic. A typical 
example is shown below, 

For electrical, environmental and mechanical de- 
tails, refer to the MM4230/MM5230 data sheet. 


typical applications 



Encoding 'Space' by Gating In on Input 


Decoding 'Space' on Output 


SEIECTHIC TABLE SHOWS SPACE AS Rj. T,, R, 



TO BAIL CODE IMPUTS 
SEE TYPICAL 
APPLICATION 
ABOVE 



Order Number MM4230KP/J or MM5230KP/J 
See Package 1 1 


Order Number MM5230KP/N 
See Package 18 
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MM4230KP/MM5230KP 
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M M42 30 KP/M M 5 2 30 KP 










































MM4231/MM5231 



National 

Semiconductor 


MOS ROMs 


MM4231/MM5231 2048-bit read only memory 


general description 

The MM4231/MM5231 is a 2048*bit static read 
only memory. It is a P-channel enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold voltage technology. The device is a non- 
volatile memory organized as a 256-8 bit words or 
512-4 bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

features 

■ Bipolar compatibility +5V, -12V operation 

■ High speed operation 640 ns typ. 


■ Static operation No clocks required 

■ Common data busing Output wire AND 

capability 

■ Chip enable output control 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 


block and connection diagrams 



t The outputs are open when Disabled. 

* The output is enabled by applying a Logic "1 " to tbe Chip Enable line. 


Dual-ln-Line Package 



Order Number MM4231J 
orMM5231J 
See Package 1 1 
Order Number MM5231N 
See Package tS" 


Note: For programming information see AN-100. 
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absolute maximum ratings 


Vqg Supply Voltage 
Vqq Supply Voltage 
Input Voltage (\ 

Storage Temperature 
Operating Temperature MM4231 
MM5231 

Lead Temperature (Soldering, 10 sec) 


Vcc “ 20V 

Vss-20V 
-20)V<V|n<(Vss + 0.3)V 
-65°Cto+150''C 
-55°C to +125‘'C 
0°C to +70°C 
300^=0 


electrical characteristics 


PARAMETER 


CONDITIONS 


MIN TYP MAX 


Output Voltage Levels 
MOStoTTL 
Logical “1” 

Logical "0" 

Output Current Capability 
Logical "0” 

Input Voltage Levels 
Logical “1" 

Logical “0" 

Power Supply Current 
Idd 

iGG(Notel) 

Input Leakage 

Input Capacitance 
Vqg Capacitance 

Address Time (Note 2) 
Taccess 


Output AND Connections 
(Note 3) 


6.8 ±5% to Vd 0 Plus One 

Standard Series 54/74 Gate 


Ta = 25 C 
Vss = +5V 
Vgg “ Vdd ' 


f=1.0MHz, V,N = 0V 
f = 1.0 MHz, V,N = 0V 

See Timing Diagram 
Ta = 25°C Vss = +5.0V 
Vgg = Vdd = -12.0V 

6.8 kS7 ±5% to Vdq Plus One 
Standard Series 54/74 Gate 


640 950 


Note 1: These specifications apply for Vss - +5V ±5%, Vqq = Vqq = -12V, ±5%, and Ta = -55°C 
to +1 25®C (MM4231 ), Ta = -25°C to +70°C (MM5231 ) unless otherwise specified. 

Note 2: The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the 
output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature. 
Note 4: The address time in the TTL load configuration follows the equation: 

Taccess - The specified limit + (N - 1 ) (50) ns. 

Where N = Number of AND connections. 

Note 5: Capacitances are measured on a lot sample basis only. 
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MM42 31/MM 5231 



MM4231/MM5231 


performance characteristics 

1400 
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Guaranteed Access Time (T/^) 
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Vss-Vqg(V) 


Power Supply Current vs 
Power Supply Voltage 


Typical Access Time iJfi) 
vs Power Supply Voltage 
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Vss-Vqg (V) 


Power Supply Current vs 
Ambient Temperature 
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timing diagram/address time 



:_n_ 



6-66 



typical application 


256 X 8 Bit ROM Showing TTL interface 



Operating Modes 

256 X 8 ROM connection (shown) 

Mode Control — Logic "0” 

Ag — Logic "1” 

51 2 X 4 ROM connection 
Mode Control — Logic “1" 

Ag ~ Logic "0" Enables the odd 

(B^ , Bg - . . Bg) outputs 
— Logic “1 " Enables the even 
(B2, B4 . . . Bg) outputs. 

The outputs are "Enabled” when a logic "1 " is 
applied to the Chip Enable line. 

Logic levels are negative true MOS logic. 

Mode Control should be "hard wired" to Vqq 
(L ogical "1") or V$s (Logical "0"). 

The logic levels are in negative voltage logic notation. 
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MM4231/MM5231 



MM4231RP/MM5231RP 


National 

Semiconductor 


MOS ROMs 




MM4231RP/MM5231RP EBCDIC 


general description 

The MM4231RP/MM5231RP is a 2048-bit read- 
only memory that has been programmed to con- 
vert from EBCDIC, an extended binary coded 
decimal interchange code used in the IBM 1130 
computer, to ASCII-7, the American Standard 
Code for Information Interchange In seven bits. 

This conversion differs from the ANSI x 3.26 


to ASCII-7 code converter 


conversion of the MM4230QX/MM5230QX in that 
it follows certain earlier IBM 1130 character assign- 
ments. Also certain EBCDIC control codes are 
arbitrarily preserved and translated (see transla- 
tion chart on truth table). 

For electrical, envir^onmental and mechanical de- 
tails, refer to the MM4231/MM5231 data sheet. 


typical application 


EBCDIC TO ASCII-7 


+5V 



Order Number MM4231 RP/J or MM5231 RP/J Order Number MM5231 RP/N 

See Package T 1 See Package 18 
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MM4231RP/MM5231RP 
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MM4231RP/MM5231R P 















MM4231RP/MM5231R P 



6-72 




Semiconductor 


MOS ROMs 


MM4232/MM5232 4096-bit static read-only memory 


general description 


features 


The MM4232/MM5232 4096-bit static read-only 
memory is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing a low thresh- 
old voltage technology to achieve bipolar compati- 
bility. TRI-STATE^*^ outputs provide wire ORed 
capability without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 512 word x 8-bit or 1024 word x 4-bit 
memory organization that is controlled by the 
mode control input. Programmable Chip Enables 
(CEi and CE 2 ) provide logic control of up to 16K 
bits without external logic. A separate output 
supply lead is provided to reduce internal power 
dissipation in the output stages. 


■ Bipolar compatibility 

■ Standard supplies 

■ BusORable output 

■ Static operation 

■ Multiple ROM control 

applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 


No external 
components requ ired 

+5V. -12V 
TRI-STATE outputs 
No clocks required 

Two-programmable 
Chip Enable lines 


logic and connection diagrams 


A, Aj A3 



Oual-in-Line Package 


MODE CONTROL 1 

CEi 2 



Order Number MM4232J 
or MM5232J 
See Package 1 1 
Order Number MM5232N 
See Package 1 8 


Note; For programming information see AN-100. 
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MM4232/MM5232 




MM4232/MM5232 


absolute maximum ratings 


Vgg Supply Voltage 
Vll Supply Voltage 

Input Voltage (Vss - 20) 

Storage Temperature Range 
Operating Temperature Range MM4232 
MM5232 

Lead Temperature (Soldering, 10 sec) 


Vss - 20V 
Vss - 20V 
V<V,n<(Vss + .03)V 
-65°C to +150°C 
-55°C to+125°C 
0°C to +70'’C 
300°C 


electrical characteristics positive logic 


Ta within operating temperature range, Vss = +5.0V ±5%, Vqg “ '^oo =“12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






Logical "0", Vql 

II = 1.6 mA Sink 



.4 

V 

Logical "1", Vqh 

II = 100 A A Source 

2.4 



V 

Input Voltage Levels 






Logical "0", V|l 


Vqg 


q 

> 

V 

Logical "1", V|H 


Vss - 2.0 


Vss + 0.3 

V 

Power Supply Current 






Igs (Note 4) 

Vss = 5. Vgg = -12, V^l = -12. Ta = 25°C 


23 

37 

mA 

Iss (Note 4) 

Vss = 5, Vgg = -12, Vll = -3, Ta =* 125°C 


12 

20 

mA 

Input Leakage 

V,N = Vss-10V 



1 

ma 

Input Capacitance (Note 1) 

f = I.OMHz.Vin = 0V 



15 

pF 

Output Capacitance (Note 1) 

f= 1.0 MHz, V|N = 0V 



10 

PF 

Address Time (Note 2) 

Ta = 25°C.Vss = 5 

150 


1000 

ns 

T access 

Vgg = Vll = -12V 





Output AND Connections (Note 3) 



■ 

20 



Note 1; Capacitances are measured periodically only. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
(See Timing Diagram.) 

Note 3: The address time follows the following equation: TacCESS " specified limit + (N — 1 ) x 25 ns where N = Number 
of AND connections. 

Note 4: Outputs open. 


timing diagram/address time 


:_TL 
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performance characteristics 


Guaranteed Access Time vs 
Supply Voltage 



Typical Access Time vs 



16.2 17.0 17.8 

Vss + IVggI(V) 


Power Supply Current vs 
Temperature 



-SO -25 0 25 50 75 100 125 

TEMPERATURE TO 


Power Supply Current vs 



16.2 17.0 17.8 

Vss + |VggI(V) 


typical applications 


TTL/MOS Interface 


FIGURE 1. Power Saver for FIGURE 2. Power Saver for 


Vss 



AlO = V|L 


Small Memory Arrays 


Large Memory Arrays 


L_ I 


ASSUME IIVll 
Vcg-Vll MIN=R(1.6mA)(N)w 



N= SforBxBfont. 


Operating Modes 

1024 X 4 ROM connection 
Mode Control = V||_ 

Aio = V| L enables the odd (B-j . . . 87 ) outputs 
Vm enables the even (B 2 . . . Bg) outputs 


Note: Both chip enables may be programmed to provide any of four combinations. Example if CE-| = 1 and CE2 = 1 
outputs (Positive Logic) would be enabled only when device pins 2 and 3 are Logic "1". The outputs will be in the 
third state when disabled. 
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MM4232/MM5232 




MM4232/MM5232 AEI, AEJ, AEK 


Semiconductor 


MOS ROMs 


MM4232/MM5232 AEI, AEJ, AEK sine look up table 


general description 

The MM4232/MM5232 AEI, AEJ and AEK are all 
P-channel enhancement mode MOS read-only mem- 
ories, each storing 4096 bits. They are programmed 
to generate the sine function of any angle ex- 
pressed as a binary fraction of a right-angle. They 
may be combined and arranged to provide a look- 
up table of varying resolution and accuracy, to 


meet almost any system requirement for genera- 
tion of the sine function. 

application information 

Figures 1 through 4 show the four ways that these 
parts may be combined. The table shows the per- 
formance of all combinations. 


performance specifications 


FIGURE ROM NO. USED 


AEI +AEJ + 
AEK 

AEI -r AEJ + 
2 AEK's 


RESOLUTION 
{= INPUT 
WORD 
LENGTH) 


9 bits 

8 bit! 

9 bits 

16 bit! 

12 bits 

16 bit! 

15 bits 

16 bit! 



SINE LOOK-UP TABLE WITH HIGH 
RESOLUTION AND ACCURACY 

Theoretical Background 

The table is based upon the equation: 

sin (M -f- L) = sin M cos L + cos M sin L ( 1 ) 

By splitting M and L each into two parts MM, 
ML, and LM, LL, and (assuming M » L) the fol- 
lowing equation is obtained. 

sin(M-t-L)«=sin{MM-HML) (2) 

+ cos (MM 1/2 LSB of MM) sin LM 
cos (MM 4- 1 /2 LSB of MM) sin LL 
^=ssin(MM4-ML) 

-4 cos (MM -I- 1 /2 LSB of MM) (sin LM -r sin LL) 

The following approximations have been used: 
cos (LM + LL) 1 
sin (LM + LL) sin (LM) -i- sin (LL) 
cos (MM -t-ML) cos (MM 1/2 LSB of MM) 

By taking MM = 6 bits, ML = 3 bits, LM = 3 bits, 
and LL = 3 bits, 15 bits resolution is obtained. The 
accuracy has been computed by comparing the 
values of Equation 2 with the Ideal value of the 

Order Number MM4232J or MM5232J 
See Package 11 


sine of an angle 6 resolved into 2^® Increments 
in the range 0 <6 < tt/2. 

This error, due to the mathematical approximation, 
is ±3.2 X 10 ® maximum, correspohding to ±1 bit in 
15 bits. In addition to the mathematical error, an 
inevitable round-off error in the 16th bit is intro- 
duced. As there are 3 LSB outputs to be added 
(Figure 4), the maximum round-off error will be 
±1-1/2 bit in 16 bits or ±2.3 x 10 ®. The theoretical 
maximum total error will then be ± (3.2 + 2.3) 
.x 10 ® = ±5.5 X 10®, which is slightly less than ±1 
bit in 14 bits. 

A computer analysis shows that the actual errors 
In the table as implemented are as follows: 

±4.4 X 10"® (at 61.872°) 

-4.7 X 10"® (at 83.142°) 

As the sine function is very linear In the LM-LL 
range, the third term of Equation 2 can be con- 
sidered as being 1/(2)^ of the second term without 
significant error. Therefore, the same pattern can 
be used for the two lower ROMs in Figure 4, and a 
total of three different masks are needed. In addi- 
tion, six 4-blt adders are used. 

Order Number MM5232N 
See Package 18 






MM4232/MM5232 AEI, AEJ, AEK 




MM4232/MM5232 AEI, AEJ. AEK 
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National 

Semiconductor 


MOS ROMs 


MM4240/MM5240 2560-bit static character generator 


general description 

The MM 4240/MM 5240 2560-bit static character 
generator is a P-channe! enhancement mode 
monolithic MOS integrated circuit utilizing a low 
threshold voltage technology. Six character ad- 
dress and three row address input lines provide 
access to 64-8 x 5 characters. Customer-generated 
single or multiple package character fonts are easily 
programmed by completing a pattern selection 
form. A standard 7x5 raster scan font is available by 
ordering the MM4240AA/MM5240AA. 

The MM4240/MM5240 may be used as a 
512 X 5-bit read only memory for applications 
other than character generation. 


features 

■ Bipolar compatibility 

■ High speed operation— 500 ns max 

■ ±12 volt power suppl ies 

■ Static operation— no clocks required 

■ Multiple ROM logic application— chip enable 
output control 

■ Standard fonts available-off-the-shelf delivery 

applications 

■ Character generation 

■ Random logic synthesis 

■ Micro-programming 

■ fable look-up 


connection diagram 



Order Number MM4240J or MM5240J 
See Package 1 1 
Order Number MM5240N 
See Package 18 


typical application 
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MM4240/MM5240 



MM4240/MM5240 


absolute maximum ratings 





Vqg Supply Voltage 

Vss-30V 




Vdo Supply Voltage 

Vss-15V 




Input Voltage 

(Vss -20)V<V,n < (V 

ss +0.3)V 




Storage Temperature 

-65°Cto+150 C 




Operating Temperature MM4240 -55°C to +125°C 




MM5240 0°C to +70"C 




Lead Temperature (Soldering, 10 sec) 

300°C 




electrical characteristics iNote 1 ) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






MOStoMOS 






Logical "1" 

IM^2toGND 



Vss - 9-0 

V 

Logical "0" 


Vss -1-0 



V 

MOSto TTL 






Logical ''1" 

6.8 kO. to Vgg One 



+0.4 

V 

Logical "0" 

Standard Series 54/74 Gate 

+2.5 



V 

Output Current Capability 






Logical “0" 

VouT = Vss - 6.0V 

2.5 



mA 

Input Voltage Levels 






Logical "1" 




Vss -8.0 

V 

Logical “0" 


Vss - 2.0 



V 

Power Supply Current 

Ta = 25°C 





•dd 

MOS Load 


25 

40 

mA 

lGG(Note2) 




1 

ma 

Input Leakage 

V|N “ Vss -12V 



1 

iuA 

Input Capacitance (Note 5) 

f = 1.0 MHz, V,N =0V 


5 

8 

PF 

Vqg Capacitance (Note 5) 

f = 1.0 MHz, V,N = OV 


25 

40 

pF 

Address Time (Note 3) 

See Timing Diagram 





^access 

Ta=25°C 

150 

425 

500 

ns 

Output AND Connection 

MOS Load 



4 


(Note 4) 

TTL Load 



10 

t 

1 

Note!; These specifications apply for Vcs = +12V ±5%, VgG ^ ~ 

-1 2V ±5%, and Ta = -55°C to 


+125°C (MM4240) Tp^ = 0°C to +70°C (MM5240) unless otherwise specified. 




Note 2: The Vqq supply may be clocked to reduce device power without affecting access time. 



Note 3; Address time is measured from the change of data on any input or Chip Enable line to the 


output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit over temperature. 



Note 4: The address time in the TTL load configuration follows the equation: 




TaCCESS “ The specified limit + (N - 1) (50) ns 





Where N = Number of AND connections. 





The number of AND ties in the MOS load configuration can be increased at the expense of MOS ”0" 


level. 






Note 5: Guaranteed by design. 
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(SU) Vl 


performance characteristics 


Guaranteed Access Time (7^) 
vs Supply Voltage 



10 11 12 13 14 

Vss & - Vgg (V) 


Typical Access Time (T^) vs 
Supply Voltage 
1200 



200 
0 

10.8 12.0 1 
Vss & -Vgg (V) 


Power Supply Current vs 
Voltage 











Ta = 25°C 

_ 



_ 

_ 


- 

- 





4+4-^ 


VpD Power Supply Current vs 
Temperature 


60 

50 



“T 1 1 

Vss =+12. 
Vgg = -12 




MM4240/MM5240 






National 

Semiconductor 


MOS ROMs 


MM4240ABU/MM5240ABU Hollerith character generator 


general description 

The MM4240ABU/MM5240ABU is a 64 x 8 x 5 up a 64-character set may be accomplished as 

read-only memory programmed to display a 64- shown in the typical application, 

character subset of the Hollerith 12-line code, 

normally used in punching 80 column cards. Com- For electrical, environmental and mechanical de- 
pression from 12 lines to the six needed to make tails/refer to the M M 4 240/M M 5240 data sheet. 


typical application 



Note: Hold present gives closure to GND. 


Order Number MM4240ABU/J or MM5240ABU/J 
See Package 1 1 

Order Number MM5240ABU/N 
See Package 18 
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M4240ABU/MM5240ABU 



Miyi4240ABU/MM5240ABU 


code table 


character font 


HOLLERITH 
INPUT CODE 
(NON-COMPRESSED) 


OCTAL GRAPHIC 
SEQUENCE DISPLAY 

00 (soace) 


MM4240ABU/MM5240ABU 


••• ••• •• 

:::::: 

••• •••• •• 


••• i 

13 14 

001 Oil 001 100 


i i I 


• • ••••• 

^9* ••••• 

i y 

• ••••• • 

30 31 32 

oil 000 Oil 001 Oil 010 


•• ••• 


• • • 

: : .• 

— . iV\ 

••• • • 

40 41 42 

too 000 100 001 100 010 


I t t : 

• • •• 


101 000 101 001 101 010 101 oil 101 100 101 101 101 110 101 111 


• •••• ••• •••• ••••• ••••• •••• 

• : : : : : 

• ••• • • • ••• ••• i •• 

i i t 

• •••• ••• •••• #•••• • •••• 


• • • • • ••••• • • • 

• • ••• •• *• •* ••••• 

70 71 72 73 74 75 76 77 

111 000 111 001 111 010 111 Oil 111 100 111 101 111 110 111 111 




National 

Jum Semiconductor 


MOS ROMs 


MM4240ABZ/MM5240ABZ EBCDIC’S character generator 


general description 


The MM4240ABZ/MM5240ABZ is a 64 x 8 x 5 
read only memory that has been programmed to 
display the 64 character graphic subset of EBCDIC- 
8 , an Extended Binary Coded Decimal Interchange 
Code with character assignments and locations con- 
forming to the American Standard x 3.26-1970 
(see MM5230QX data sheet for full EBCDIC -8 
table). 

Compression of the eight bits of EBCDIC -8 to the 


six needed for a 64-character subset is accom- 
plished by simply ignoring the two most significant 
EBCDIC bits, bit 0 and bit 1. 

The octal character address digits are then formed 
as shown below. 

For electrical, environmental and mechanical de- 
tails, refer to the MM4240/MM5240 data sheet. 


character font 




000 000 000 001 000 010 


••••• 

03 04 

000 011 000 100 


••••• ••••• 

! • • • 

» ••• . ••• • 

* ... i KM 

05 06 07 

0 101 000 110 000 111 


: .:. 


001 000 001 001 001 010 


DIO 000 010 001 010 010 


n 

13 14 

001 oil 001 100 

. . . 

. .. .. 

: : : : 

:.... : : 

23 24 

01 0 011 010 100 


001 101 001 110 001 111 

. . ..... .... 
.. . . . . . 

: *.t : : :...* 

. . . . . 

. . . . . 

. . ..... . 

. 25 26 27 

010 101 010 110 010 111 


MSB 234 567 LSB 

MSD 1 2 LSD 


OCTAL DIGITS 


: : : : 
: . s 

.... 
.... . 

30 


011 000 011 001 011 010 


*::r 

.... ... 
. 

011011 011100 

..M. . . 


: :: 


oil 101 oil 110 oil 111 

. . . . . . 


100 001 100 010 


. ... 

43 44 

100 Oil 100 100 


101 000 101 O01 101 010 


101 oil 101 100 


0 101 100 110 100 111 

. ... 


101 110 101 111 


110 000 110 001 110 010 110 011 110 100 110 101 110 110 110 111 

... ... . . ... . . . 

* : : ..... : : 

. . ... 

—— ... 

73 74 

111011 111100 


OUTPUTS 

B 2 B 3 B 4 B 5 

000 • 


001 

010 # 
ROW oil# 
ADDRESS 100 # 
101 # 
110 # 
111 


111 001 111 010 


111 101 111 110 111 111 


Order Number MM4240ABZ/J or MM5240ABZ/J 
See Package 1 1 


Order Number MM5240ABZ/N 
See Package 18 
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MM4240ABZ/MM5240ABZ 



MM4240ACA/MM5240ACA 



National 

Semiconductor 


MOS ROMs 


MM4240ACA/MM5240ACA EBCDIC character generator 


general description 

The MM4240ACA/MM5240ACA is a 64 x 8 x 5 
read only memory that has been programmed to 
display the 64 character graphic subset of EBCDIC, 
an Extended Binary Coded Decimal Interchange 
code typically used in IBM systems. 

Compression of the eight bits of EBCDIC to the 
six needed for a 64-character subset is accom- 


plished by simply ignoring the two most significant 
EBCDIC bits, bit zero and bit one. 

The octal character address digits are then formed 
as shown below. 

For electrical, environmental and mechanical de- 
tails, refer to the MM4240/MM5240 data sheet. 


character font 


: •• 


m •••• ••• t*** ••••• 

• •i •• •• •• 

• •• •• • •• 

• • •••• • • • ••• 

:: •: : : 

• • •••• ••• •••• ••••• 

00 01 02 03 04 00 uo u< 

000 000 000 001 000 010 000 011 000 100 000 101 000 110 000 111 

••• • • • • 

• ••• • • • • 

• • f • • f • 

: •• : : 

• :: •• •• • : 

10 11 12 13 14 15 16 17 

001 000 001 001 001 010 001 oil 001 100 001 101 001 110 001 111 


: : 
:•••: 
: : 


• • • 


• ••••• •••• 


: I : : t 

• • • • • 

• :•••• : : : : 




010 000 010 001 010 010 010 011 010 100 010 101 


••••• 

26 

010 110 


# • • • • 

• • •••• t 

• • • • i i 

• • • • 

•• • • • • 

30 31 32 

011 000 011 001 011 010 




••• • 

: :: 


011 100 011 101 011 110 

• • • • • • 






100 000 100 001 100 010 100 011 100 100 100 101 100 110 100 111 


•• ••r* 

• • 

51 52 

101 001 101 010 

9 ••• 

•i • • ' 


!• 


110 000 110 001 110 010 110 011 


••• 

: : :: 

•••• 


••• 

70 

111 000 


• • 


101100 101110 

•: ••• 

• • •••• • 

H*. :r*: 

• ••• ••• 

64 65 66 

110 100 110 101 110 110 

•• • 

: ••••• 

i*..* 


101 111 

»•••• 


1010 111011 111100 111101 111110 111 111 


Order Number MM4240ACA/J or MM5240ACA/J 
See Package 1 1 


EBCDIC BITS 



MSB 234 567 

MSD 1 2 


OCTAL DIGITS 


LSB 

LSD 


OUTPUTS 

®1 ^2 ^3 ^4 ^5 


000 # 
001 •( 
010 # 
ROW oil 2 
ADDRESS 100# 
101 # 
110 # 
111 



Order Number MM5240ACA/N 
See Package 18 
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Semiconductor 


MOS ROMs 


MM4241/MM5241 3072-bit static read-only memory 


general description 


features 


The MM4241/MM5241 3072-bit static read-only 
memory is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing a low thresh- 
old voltage technology to achieve bipolar compati- 
bility. TRI-ST outputs provide wire ORed 
capability without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 64 X 6 word by 8-blt memory organiza- 
tion. Programmable Chip Enables (CEi and CE 2 ) 
provide logic control of multiple packages without 
external logic. A separate output supply lead is 
provided to reduce internal power dissipation In 
the output stages. 


■ Bipolar compatibility 

■ Standard supplies 

■ Bus ORable output 

■ Static operation 

■ Multiple ROM control 

applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 


No external 
components required 

+5V, -12V 
TR I -STATE outputs 
No clocks required 

Two programmable 
Chip Enable lines 


logic and connection diagrams 



Dual-ln-Line Package 



Order Number MM4241J 
orMM5241J 
See Package 1 1 
Order Number MM5241N 
See Package 18 


typical applications 


TTL/MOS Interface 



FIGURE 1. Power Saver for 
Small Memory Arrays 



FIGURE 2. Power Saver for 
Large Memory Arrays 



CE, I I ASSUME I Vll I1MIN= I1-3V II 

Vgg -Vll MIN = R (1.6mA) (N) where N= 7tpr 5 x7font. 

CE, ■ ,0b" N= 81or6x8font. 

Note: Both chip enables may be programmed to provide any of four combinations. Example: If CE-| = 1 and CE 2 = 1 outputs 
(Negative Logic) would be enabled only when device pins 2 and 3 are negative (Logic "1”). The outputs will be in the third state 
when disabled. Lq, L-| and L 2 (device pins 1 1, 13 and 14) are in positive logic (1 = most positive voltage levels= Vs — 2V; 0 = 
most negative voltage level = Vss — 4 V). 

Note: For programming information see AN -100. 
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MM4241/MM5241 



MM4241/MM5241 


absolute maximum ratings 


Vqg Supply Voltage 
Vll Supply Voltage 
Input Voltage 

Storage Temperature Range 
Operating Temperature Range 


(Vss 


MM4241 
MM5241 

Lead Temperature (Soldering, 10 sec) 


Vss - 20V 
Vss - 20V 
-20) V<V,n<(Vss + .03)V 
-65°C to +150'^C 
-55°C to+125°C 
-25°Cto+70°C 
300°C 


electrical characteristics negative logic (Note 5) 

Ta within operating temperature range, Vss = +5.0V ±5%, Vqq = Vpp = -12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






Logicar'1" 

II = 1.6 mA sink 



.4 

V 

Logical "0” 

II = 100 /jA source 

2.4 



V 

Input Voltage Levels 






Logicar'1" 




q 

> 

V 

Logical "0" 


Vss -2.0 



V 

Power Supply Current 






Iss (Note 4) 

Vss= 5, Vgg = -12, Vll = -12, T^ = 25°C 


23 

37 

mA 

Iss (Note 4) 

Vss = 5, Vgg = -12,Vll= -3,Ta=125“C 



20 

mA 

Input Leakage 

V,N = Vss - 10V 



1 

HA 

Input Capacitance (Note 1) 

f = 1.0 MHz, V,N = 0V 


5 

15 

PF 

Output Capacitance (Note 1) 

f = 1.0 MHz, V,N =0V 


4 

10 

pF 

Address Time (Note 2 ) 

Ta = 25°C. Vss = 5 

150 

700 

900 

ns 

^access 

Vgg = Vll = -12V 





Output AND Connections (Note 3) 




20 



Note 1: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
(See Timing Diagram.) See curves for guaranteed limit over temperature. 

Note 2: Capacitances are measured periodically only. 

Note 3:. The address time follows the following equation: TacCESS “ the specified limit (N - 1 ) x 25 ns where N = Number 
of AND connections. 

Note 4: Outputs open. 

Note 5: All addresses and outputs are in negative true logic with the exception of Lg, L^, and L2 which are in positive logic. 
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performance eharacteristics 

Typical Access Time vs 



16.2 17.0 17.8 

Vss + IVggKV) 


Guaranteed Access Time vs 
Supply Voltage 


1600 

"1 

“ 


n 

_ 

-] 

- 

FI 

n 

n 

- 

TTFTTn 













LL 


*G 

6 

1200 

1000 

800 

600 

400 

200 




















on 













Ta = 

£9 ^ 













70° C 





■H 










25°C 

•• 











“1 


n 






*1 






































































ij 
































' 











i 











n 

n 




□ 

Zj 



F 




16.2 17.0 17.8 


Vss + IVggI (V) 


Power Supply Current 
vs Temperature 



-50 -25 0 25 50 75 100 125 


TEMPERATURE fCI 


Power Supply Current 
vs Voltage 



16.2 17.0 17.8 

Vss + IVggUV) 


timing diagram/address time 





6-89 


MM4241/MM5241 



MM4242/MM5242 


^National 
mi Semiconductor 


MOS ROMs 


MM4242/MM5242 1024 x 8-bit ROM 
general description 

These static, 8192-bit ROMs are fabricated using N- 
Channel enhancement and depletion mode silicon gate 
technology. This provides complete DTL/TTL compati- 
bility and single power supply operation. 

Chip select inputs control the TRI-STATE® outputs and 
allow for memory expansion. The chip select code is pro- 
grammed at the same time as the memory matrix and a 
code of 1 : 16 for the MM4242/MM5242 must be selected. 

applications 

■ Microprogramming 

■ Control logic 

■ Random logic synthesis 

■ Table lookup 


features 

■ Fully decoded 

■ Single +5V supply 

■ All inputs and outputs directly DTL/TTL compatible 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip selection 

■ Maximum access time 450 ns 

■ Pin compatible with National's 4k and 16k ROMs 



Military 

Commercial 

Organization 

Package 

MIVI4242 

X 


1024 X 8 

J 

MM5242 


X 

1024x8 

N, J 









absolute maximum ratings 

(Note 1) 

Voltage At Any Pin -0.5V to +7.0V 

Storage Temperature Range — 65®C to -H50“C 

Power Dissipation 1.0 W 

Lead Temperature (Soldering, 10 seconds) 300°C 

dc electrical characteristics (Note 2) 

operating conditions 

MIN 

Supply Voltage (Vqq) 

MM4242 4.5 

MM5242 4.75 

Ambient Temperature (T/\) 

MM4242 -55 

MM5242 0 

Logical "0" Input Voltage (Low) -0.5 
Logical "1" Input Voltage (High) 2,0 

MAX 

5.5 

5.25 

+125 

+70 

+0.65 

Vcc 

UNITS 

V 

V 

°c 

V 

V 

PARAMETER 

CONDITIONS 

MM4242 

MM5242 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

V|H Logic "1" Input Voltage 


2.0 


Vcc 

2.0 


Vcc 

V 

ViL Logic "0" Input Voltage 


-0.5 


0.65 

-0.5 


0.65 

V 

Vqh Logic "1" Output Voltage 

IOH="‘200mA 

2.4 



2.4 



V 

Vql Logic "0" Output Voltage 

•OL" 3.2 mA 



0.4 



0.4 

V 

— : ^ ^ 

ILI Input Current 

V|M = 0 to Vcc 



2.5 



2.5 

juA 

•LOH Output Leakage Current 

VquT = 2.4V, (Note 3) 



10 



10 

juA 

ILOL Output Leakage Current 

VoUT = 0.45V, (Note 3) 

-10 



-10 



II A 

Ice Power Supply Current 

All Inputs = Vcc 



130 



130 

mA 


Data Out Open 









capacitance 


PARAMETER 

CONDITIONS 

MM4242/MM5242 

UNITS 

MIN 

TYP 

MAX 

C|N 

Input Capacitance 

V|N = 0V,Ta = 25‘'C, f = 1.0 MHz, (Note 4) 



7.5 

PF 

COUT 

Output Capacitance 

VoUT = OV, Ta = 25°C, f = 1 .0 MHz, (Note 4) 



15.0 

pF 


ac electrical characteristics (with standard Load) 


PARAMETER 

CONDITIONS 

MM4242 

MM5242 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

tACCESS 

Access Time 

(Figure 1) 


250 

575 


250 

450 

ns 

tSELECT 

Output Enable Time 

(Figure 2) 


100 

300 


100 

200 

ns 

tDESELECT 

Output Disable Time 

(Figure 2} 


75 

150 


75 

125 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc ^ 5V and T/\ = 25°C. 

Note 3: Chip select inputs such that outputs are TRI-STATE. 

Note 4: Capacitance is guaranteed by periodic testing. 
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MM4242/MM5242 


MM4242/MM5242 


ac test circuits and switching time waveforms 



130 pF* >25k 




FIGURE 1. Access Time 


FIGURE 2. Output Enable and Disable 


Includes jig capacitance 

Note. All times measured to 1 .5V level. 

custom ROM programming 


Custom ROM programs are submitted to National in 
three formats: paper tape, punched cards or truth table, 
with punched cards being the preferred. These programs 
are converted into machine language and outputted on a 
magnetic tape. This magnetic tape is used to make the 
programmable mask and the test tape. The wafers are 
tested at the wafer level. The wafer is then scribed and 
the good dice assembled. After assembly, the units are 
tested using the custom test tape to assure the correct 
output pattern for every address. 

National has programs to convert NEGATIVE logic to 
POSITIVE or POSITIVE to NEGATIVE so ROMs can 
be entered In either logic, but the customer must specify 
which logic definition is used. 


PROGRAMMING DEFINITIONS 
Logic Definitions 

NEGATIVE Logic: "0" = V|-| = the more positive 
voltage. "1 " = V^ = the more negative voltage. 

POSITIVE Logic: "0" = V|_ = the more negative volt- 
age. "T' = Vh = the more positive voltage. 

Input/Output Definitions 

Address: AO is the least significant Input address. 
Outputs: 01 is the least significant output. 

Custom ROM Programming 


INFORMATION NEEDED 

So that National can better serve its customers, the following information must be submitted with each ROM code. 


National Semiconductor Corporation 

2900 Semiconductor Dr., Santa Clara, CA 95051 

Phone (408) 737-5000 TWX 910-339-9240 


NATIONAL PART NUMBER 


ROM LETTER CODE (NATIONAL USE ONLY) 


CUSTOMER PRINT OR 1.0. NO. 


ZIP PURCHASE ORDER NO. 


TELEPHONE NAME OF PERSON NATIONAL CAN CONTACT (PRINT) AUTHORIZED SIGNATURE 


tape entry format (Notei) 




bi.LSB MM4242/MM5242 


8-Bit Tape Format 

Note 1 : The code is a 7-bit ASCII code on 8 punch tape. 

Note 2: The ROM input address is expressed in decimal form and is preceded by the 
letter A. 

Note 3: The total number of "1" bits in the output word. 

Note 4: The total number of "1" bits in each output column or bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic, or NEG logic depending on which is used. Logic on 
addresses and outputs must be the same (either POS or NEG). 

Note ?: Specify the pattern necessary to select the ROM 
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card entry format 



Note 1: Specify product type. 

Note 2: Must type POS logic or NEG logic depending on which is used. Logic on addresses, outputs and chip selects must be the 
same (either POS or N EG). 

Note 3: Specify the chip select logic levels that will enable the ROM. 

Note 4: The first ROM input address per card is expressed in decimal form and is preceded by the letter A. 

Note 5: Punch four address locations per card, only first location on each card has the address location expressed in decimal form. 
Note 6: The total number of "1 " bits in all four addresses. 

Note?: Leading zeros must be punched. 

Noted: The total number of "1" bits in each output column or bit position. 





MM 4246/MM 5 246, MM4247/MM5247 



National 

Semiconductor 


MM4246/MM5246 2048 x 8-bit ROM 
MM4247/MM5247 4096 x 4-bit ROM 

general description features 


MOS ROMs 








These static, 16,384-bit ROMs are fabricated using 
N-channel enhancement and depletion-mode silicon-gate 
technology. This provides complete DTL/TTL compati- 
bility and single power supply operation. 

Chip select Inputs control the TRI-STATE® outputs and 
allow for memory expansion. The chip select code is 
programmed at the same time as the memory matrix and 
a code of 1 :8 for the MM4246/MM5246 and 1 :4 for the 
MM4247/MM5247 must be selected. 


■ Fully decoded 

■ Single +5V supply 

■ All inputs and outputs directly DTL/TTL compatible 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip selection 

■ Maximum access time 450 ns (MM5246, MM5247) 

■ Pin compatible with National 4k and 8k ROMs 


applications 

■ Microprogramming 

■ Control logic 

■ Random logic synthesis 

■ Table lookup 



Military 

Commercial 

Organization 

Package 

MM4246 

X 


2048 X 8 

J 

MM5246 


X 

2048 x8 

N, J 

MM4247 

X 


4096 X 4 

J 

MM5247 


X 

4096x4 

N,J 


block and connection diagrams 

MM4246/MM5246 MM4247/MM5247 




logic symbols 


MM4246/MM5246 



MM4247/MM5247 
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absolute maximum ratings 

(Notel) 

Voltage At Any Pin -0.5V to +7.0V 

Storage Temperature Range — 65®C to -M BO^C 

Power Dissipation 1.0 W 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 



MIN 

Max 

UNITS 

Supply Voltage (Vqc) 

MM4246, MM4247 

4.5 

5.5 

V 

MM5246, MM5247 

4.75 

5.25 

V 

Ambient Temperature (T^) 

MM4246, MM^7 

-65 

+125 

°c 

MM5246, MM5247 

0 

+70 

°c 

Logical "0" Input Voltage (Low) 

-0.5 

+0.65 

V 

Logical "1" Input Voltage (High) 

2.0 

VcG 

V 


dc electrical characteristics (Note 2 ) 


PARAMETER 

CONDITIONS 

MM4246, 47 

MM5246, 47 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

V|H 

Logic "1“ Input Voltage 


2.0 


Vcc 

2.0 


Vcc 

V 

VlL 

Logic "0" Input Voltage 


-0.5 


0.65 

-0.5 


0.65 

v 

VoH 

Logic “1" Output Voltage 

IOH = ~200mA 

2.4 



2.4 



V 

VOL 

Logic "0" Output Voltage 

lOL “ 3.2 mA 



0.4 



0.4 

v 

ILI 

Input Current 

V|N = 0toVcc 



2.5 



2.5 


• loh 

Output Leakage Current 

VoUT = 2.4V, (Note 3) 



10 



10 

iuA 

• lol 

Output Leakage Current 

VOUT " 0.45V, (Note 3) 

-10 



-10 



ma 

icc 

Power Supply Current 

All Inputs = Vqq 
D ata Out Open 


- 1 

130 

I 



130 

mA 


capacitance 


PARAMETER 

CONDITIONS 

MM4246/5246 

MM4247/5247 

UNITS 

MIN 

TYP 

MAX 

MIN 

XYP 

MAX 

C||\| Input Capacitance 

V|N = 0V,Ta = 25‘'C, 
f = 1.0 MHz, (Note 4) 



7.6 



7.5 

' 

PF 

CouT Output Capacitance 

VoUT = OV, Ta = 25° C, 
f = 1.0 MHz, (Note 4) 



15.0 



22.0 

pF 


ac electrical characteristics (with standard Load) 


PARAMETER 

CONDITIONS 

MM4246, 47 

MM5246,47 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

tACCESS 

Access Time 

(Figure 1} 


250 

575 


250 

450 

ns 

tSELECT 

Output Enable Time 

(Figure 2} 


100 

300 


100 

200 

ns 

tDESELECT 

Output Disable Time 

(Figure 2) 


75 

150 


75 

125 

ns 


Note T: "Absolute Maximum Ratings" are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc and T/\ = 25° C. 

Note 3: Chip select inputs such that outputs are TRI-STATE. 

Note 4: Capacitance is guaranteed by periodic testing. 
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MM4246/MM5246 , M M4247/M M 5247 




MM 4246/MM 5 246, MM4247/MM5247 


ac test circuit and switching time waveforms 


5V 



FIGURE 1. Access Time FIGURE 2. Output Enable and Disable 


^Includes jig capacitance 
Note. All times measured to 1 .5V level. 


custom ROM programming 

Custom ROM programs are submitted to National in 
three formats; paper tape, punched cards or truth table, 
with punched cards being the preferred. These programs 
are converted into machine language and outputted on a 
magnetic tape. This magnetic tape is used to make the 
programmable mask and the test tape. The wafers are 
tested at the wafer level. The wafer is then scribed and 
the good dice assembled. After assembly, the units are 
tested using the custom test tape to assure the correct 
output pattern for every address. 

National has programs to convert NEGATIVE logic to 
POSITIVE or POSITIVE to NEGATIVE so ROMs can 
be entered in either logic, but the customer must specify 
which logic definition is used. 

INFORMATION NEEDED 


PROGRAMMING DEFINITIONS 
Logic Definitions 

NEGATIVE Logic; "0" = Vh = the more positive 
voltage. "1" = Vl = the more negative voltage. 

POSITIVE Logic; "0" = V[_ = the more negative volt* 
age. “1" = Vh = the more positive voltage. 

Input/Output Definitions 

Address; AO is the least significant input address. 
Outputs; 01 is the least significant output. 

Custom ROM Programming 


So that National can better serve its customers, the following information must be submitted with each ROM code. 


National Semiconductor Corporation 

2900 Semiconductor Dr., Santa Clara, C A 95051 ! 

Phone (408) 737-5000 TWX 910-339-9240 

NATIONAL PART NUMBER 

ROM LETTER CODE (NATIONAL USE ONLY) 

NAME I 

DATE 

ADDRESS 

CUSTOMER PRINT OR 1.0. NO. 

CITY 

STATE ZIP 1 

PURCHASE ORDER NO. 

TELEPHONE 

NAME OF PERSON NATIONAL CAN CONTACT (PRINT) 

AUTHORIZED SIGNATURE 

DATE 


tape entry format (Notei) 



MM4246/MM5246 

MM4247/MM5247 


8-Bit Tape Format 

Note 1: The code is a 7-bit ASCII code on 8 punch tape. 

Note 2: The ROM input address is expressed in decimal form and is preceded by the 
letter A. 

Note 3: The total number of "1" bits in the output word. 

Note 4: The total number of “1 " bits In each output column or bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic, or NEG logic depending on which is used. 

Note 7: LOGIC ON ADDRESS AND OUTPUTS must be the same (either POS or NEG). 
Note 8: Specify the pattern necessary to select the ROM (omit CS2 for MM4247/ 
MM5247). 
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card entry format 



Notel: Specify product type. 

Note 2: Must type POS logic or N EG logic depending on which is used. 

Note 3: Specify the chip select logic levels that will enable the ROM, omit CS2 for MM4247/MM5247. 

Note 4: The first ROM input address per card is expressed in decimal form and is preceded by the letter A. 

Note 5: Punch four address locations per card, only first location on each card has the address location expressed in decimal form. 
Note 6: The total number of "1" bits in all four addresses. 

Note 7: Leading zeros must be punched. 

Note 8: The total number of "1 " bits in each output column or bit position. 

Note 9: Logic on address, outputs and chip selects must be the same (either POS or NEG). 
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MM4246/IVIM5246, MM4247/MM5247 





SK0003 



National 

Semiconductor 


MOS ROMs 


SK0003 sine/cosine look-up table kit 
general description 

The SK0003 Sine/Cosine Look-Up Table Kit con- 
sists of four MOS ROMs; three MM4210/MM52 10's 
and one MM4220/MIVI 522(^-1024 bit static read 
only memories. They are P-channel enhancement 
mode monolithic MOS integrated circuits utilizing 
a low threshold technology. 

THE SINE FUNCTION 

The SK0003 implements the equation sin0 = sin 
M cos L + cos M sin L. Cos L was assumed to be 
1 in the equation. However, it is a variable between 
1 and 0.99998 and is a function of round off error. 

Worst case error is 1-5/8 bits in LSB at address 
1415 (62.25°). The error increases from zero to 
.002% every 8 bits, therefore, the MM4220/ 

MM 5220 provides the error correction factor 
cos(M — 2.81°)sin L in the equation sinO = sinM + 
cos(M — 2.81°)sin L. The circuitry to perform this 
function is shown in Figure 1. Additional informa- 
tion is available \nMOS Brief 10. 


Order Number SK0003C 
or 

Order Number SK0003M 


3 LSB 

FIGURE 1. SK0003 Logic Diagram (Kit Includes ROMs Only). This Circuit Provides 11-Bit Resolution and 12-Bit 
Accuracy in a 6 to Sin 6 Converter. 






THE COSINE FUNCTION 

To generate the cosine function cos6 = sin(0 — 
90°), the input must be complemented and a 
logical "1" added. Figure 2A is a logic diagram 
of the circuitry used to provide the cosine func- 
tion, as well as providing both sine and cosine 
functions in the same system. 11-bit resolution 
and 12-bit accuracy ±1-5/8-bits is achieved in this 
configuration. 

A reduction in logic can be achieved as shown in 
Figure 2B if a loss in resolution of 1/2-blt in an 
H-bit input or 1/4-bit in a 10-bit input is accept- 
able. 

ELECTRICAL CHARACTERISTICS 

Refer to the appropriate data sheet for each 
device shown in the figures. The devices noted are: 
MM4210/MM5210, MM4220/MM5220, DM5483/ 
DM7483, DM7812/DM8812 and DM5486/DM7486. 
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SK0003 






Semiconductor 


Bipolar ROMs 


DM5488/DM7488 256-bit read only memories 


general description 


These custom-programmed, 256-bit, read only memories 
are organized as 32 words of 8 bits each* Each 
monolithic, high-speed, transistor-transistor logic (TTL), 
32-word memory array is addressed in straight 5-bit 
binary with full on-chip decoding. An overriding memory- 
enable Input is provided which, when taken high, will 
inhibit the 32 address gates and cause all 8 outputs to 
remain high (off). Data, as specified by the customer, 
are permanently programmed into the monolithic struc- 
ture for the 256-bit locations. This organization is 
expandable to n-words to N-bit length. 

The address of an 8-bit word is accomplished through 
the buffered, binary select inputs which are decoded by 
the 32 five-input address gates. When' the memory-enable 
input Is high, all 32 gate outputs are low, turning off 
the 8 output buffers. 

Data are programmed into the memory at the emitters 
of 32 eight-emitter transistors. The programming process 
involves connecting or not connecting each of the 256 
emitters. If an emitter Is connected, a low-level voltage 
is read out of that bit location when its decoding gate 
is addressed. If the emitter is not connected, a high-level 
voltage is read when addressed. Those decoding-gate 
output emitters which are used are connected to their 
respective bit lines to drive the 8 output buffers. Since 
only one decoding gate is addressed at a time> only one 
of the 32 transistors can supply current to the output 
buffers at a time. 


This memory is fully compatible for use vyith mostTTL 
or DTL circuits. Input clamping diodes are provided to 
minimize transmission-line effects and simplify system 
design. Input buffers lower the fan-in requirement to 
only one normalized Series 54/74 load for all inputs 
including enable (G). The open-collector outputs are 
capable of sinking 12 mA of current and may be 
wire-AND connected to increase the number of words 
available. An external pull-up resistor from each output 
to the supply line (Vcc) required to define the 
high-level output voltage. Where multiple DM5488/ 
DM7488 devices are used in a memory system, the 
enable input allows easy decoding of additional address 
bits. Access propagation delay time is typically 20 ns 
and power dissipation is typically 240 mW. 


features 

■ Applications in computer subroutines 

■ Useful in display systems and readouts 

■ Memory organized as 32 words of 8-bits each 

■ Input clamping diodes simplify system design 

■ Open-collector outputs permit wire-AND capability 

■ Typical access time: 20 ns 

■ Typical power dissipation: 240 mW 

■ fully compatible with most TTL and DTL circuits 


connection diagram 


Dua(-ln-Line Package 



Y1 YZ Y3 Y4 Y5 Y6 Y7 GNO 


Order Number DM5488J or DM7488J 
See Package 10 
Order Number OM7488N 
See Package 15 
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DM5488/DM7488 



DM5488/ DM7488 


absolute maximum ratings (Note i) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage, Vqc (Note 3) 

7V 

Supply Voltage (V^c) 




Input Voltage 

5.5V 

DM5488 

4.5 

5.5 

V 

Storage Temperature Range 

-65°C to -M50°C 

DM7488 

4.75 

5.25 

V 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Temperature (T/\) 






DM5488 

-55 

+125 

°c 



DM7488 

0 

+70 

°c 


electrical characteristics (NoteD 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

High Level Input Voltage (V|h) 


2 



V 

Low Level Input Voltage (V|l) 




0.8 

V 

Input Clamp Voltage (V,) 

Vcc = Min, l|=“12mA 



-1.5 

V 

High Level Output Current (Iqh) 

Vcc = Min, V,h =2V, 
V,L =0.8V, VoH =5.5V 



40 

iuA 

Low Level Output Current (Iql) 




12 

mA 

Low Level Output Voltage (Vql) 
(Note 2) 

Vcc = Min, V,H = 2V, 
V,L =0.8V, Iql. = 12 mA 


0.2 

0.4 

V 

Input Current at Maximum Input 
Voltage (1,) 

Vcc = Max, V, = 5.5V 



1 

mA 

High Level Input Current (I]h) 

Vcc = Max, V, =2.4V. 



25 

/jA 

Low Level Input Current (I,l) 

Vcc = Max, V, = 0.4V 



-1 

mA 

Supply Current, all Outputs High 

(lccH)(Note2) 

V cc ~ Max 


37 

65 

mA 

Supply Current, all Outputs Low 
(Iccl) (Notes 2 and 4) 

Vqc ~ Max 


48 

80 

mA 


switching characteristics Vcc = 5v, t* = 25°c 


PARAMETER 

FROM INPUT 

TO OUTPUT 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Propagation Delay Time, Low to 
High Level Output (tpcn) 

Enable 

Any 



19 

35 

ns 

Propagation Delay Time, High to 
Low Level Output (tpHu) 

Enable 

Any 

Cl = 30 pF, 
Rli =400^2, 


18 

35 

ns 

Propagation Delay Time, Low to 
High Level Output (tpcn) 

Select 

Any 

Rl2 ~ 600L2 


21 

35 

ns 

Propagation Delay Time, High to 
Low Level Output (tpHu) 

Select 

Any 



17 

35 

ns 


Note 1: “Absolute Maximunn Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for DM5488 and across the 0°C to +70°C 
range for the DM7488. All typicals are given for Vqc = 5V and T/\ - +25°C. 

Note 3: All voltage values are with respect to network ground terminal. > 

Note 4: All 32 words are addressed separately to ensure that the supply current does not exceed the stated maximum. The typical value shown is 
for the worst-case condition of all eight outputs driven low at one time. 
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ordering instructions 

Programming instructions for the DM5488 or DM7488 
are solicited in the form of a sequenced deck of 32 
standard 80-column data cards providing the information 
requested under "data card format," accompanied by a 
properly sequenced listing of these cards, and the 
supplementary ordering data. Upon receipt of these 
items, a computer run will be made from the deck of 
cards which will produce a complete function table of 
the requested part. This function table, showing output 
conditions for each of the 32 words, will be forwarded 
to the purchaser as verification of the input data as 
interpreted by the computer-automated design (CAD) 
program. This single run also generates mask and test 
program data; therefore, verification of the function 
table should be completed promptly. 

Each card in the data deck prepared by the purchaser 
identifies the word specified and describes the levels at 
the eight outputs for that word. All addresses must have 
all outputs defined and columns designated as "blank" 
must not be punched. Cards should be punched according 
to the data card format shown. 

SUPPLEMENTARY ORDERING DATA 

Submit the following information with the data cards: 

a. Customer's name and address 

b. Customer's purchase order number 

c. Customer's drawing number 

DATA CARD FORMAT 

Column 

1—2 Punch a right justified integer representing the 
positive-logic binary input address (00— 31) for 
the word described on the card. 


3-4 

Blank 


5 

Punch "H," 

"L," or "X" for output Y8. 


H = high-voltage-level output, L = low-voltage- 


level output, 

X = output irrelevant. 

6-9 

Blank 


10 

Punch "H," 

"L," or "X" for output Y7. 

11-14 

Blank 


15 

Punch "H," 

"L," or"X" for output Y6. 

16-19 

Blank 


20 

Punch "H," 

"L," or "X" for output Y5. 

21-24 ‘ 

Blank 


25 

Punch "H," 

''L," or "X" for output Y4. 

26-29 

Blank 


30 

Punch "H," 

"L," or "X" for ouput Y3. 

31-34 

Blank 


35 

Punch "H," 

"L," or "X" for output Y2: 

36-39 

Blank 


40 

Punch "H," 

"L," or "X" for output Y1. 

41-49 

Blank 



50—51 Punch a right-justified integer representing the 
current calendar day of the month. 

52 Blank 

53—55 Punch an alphabetic abbreviation representing 
the current month. 

56 Blank 

57—58 Punch the last two digits of the current year 
59 Blank 
60-61 Punch "DM" 

62—65 Punch the National Semiconductor part number 
5488 or 7488. 

66-70 Blank 


truth table 


WORD 

INPUTS 1 

E 

D 

C 

B 

A 

0 

L 

L 

L 

L 

L 

1 

L 

L 

L 

L 

H 

2 

L 

L 

L 

H 

L 

3 

L 

L 

L 

H 

H 

4 

L 

L 

H 

L 

L 

5 

L 

L 

H 

L 

H 

6 

L 

L 

H 

H 

L 

7. 

L 

L 

H 

H 

H 

8 

L 

H 

L 

L 

L 

9 

L 

H 

L 

L 

H 

10 

L 

H 

L 

H 

L 

11 

L 

H 

L 

H 

H 

12 

L 

H 

H 

L 

L 

13 

L 

H 

H 

L 

H 

14 

L 

H 

H 

H 

L 

15 

L 

H 

H 

H 

H 

16 

M 

L 

L 

L 

L 

17 

H 

L 

L 

L 

H 

18 

H 

L 

L 

H 

L 

19 

H 

L 

L 

H 

H 

20 

H 

L 

H 

L 

L 

21 

H 

L 

H 

L 

H 

22 ' 

H 

L 

H 

H 

L 

23 

H 

L 

H 

H 

H 

24 

H 

H 

L 

L 

L 

25 

H 

H 

L 

L 

H 

26 

H 

H 

L 

H 

L 

27 

H 

H 

L 

H 

H 

28 

H 

H 

H 

L 

L 

29 

H 

H 

H 

L 

H 

30 

H 

H 

H 

H 

L 

31 

H 

H 

H 

H 

H 


H = High level 
L = Low level 



DM5488/ DM7488 



functional block diagram 


BINARY 

SELECT 



OUTPUTS 




Semiconductor 


Bipolar ROMs 


DM54187/DM74187{SN54187/SN74187) 
1024-bit read only memory 


general description 

The DM641 87/DM74187 is a custom-programmed 
read-only memory organized as 256 four-bit words. 
Selection of the proper word is accomplished 
through the eight select inputs. Two overriding 
memory enable inputs are provided; and when one 
is taken to the logical “1” state, it will cause all 
four outputs to go to the logical "1" state. 

features 

■ 36 ns typical delay from address to output 


■ 20 ns typical delay from enable to output 

■ Open collector outputs for expansion 

applications 

■ Microprogramming 

■ Code conversions 

■ Look-up tables 

■ Use for any memory where content is fixed 


logic diagram 



connection diagram 


Order Number DM54187J 
orDM74187J 
See Package 1 0 
Order Number DIVI74187N 
See Package 15 


DuaMn-L.ine Package 
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DM54187/DM74187 


absolute maximum ratings (Notei) 


Supply Voltage 
Input Voltage 
Output Voltage 
Operating Temperature Range 
DM54187 
DM74187 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


7V 

5.5V' 

5.5V 

-55°Cto +125°C 
0°C to +70°C 
-65°Cto+150°C 
300° C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 

DM54187 

Vcc = 4.5 V 


2.0 



V 

DM74187 

Vcc = 4.75V 





Logical "0" Input Voltage 

DM54187 

Vcc = 4.5 V 




0.8 

V 

DM74187 

Vcc = 4.75V 




Logical Output Current 

DM54187 

Vcc = 5.5V 

Vo = 5.5V 



40 

/iA 

DM74187 

Vcc = 5.25V 



Logical "0" Output Voltage 

DM54187 

Vcc = 4.5V 




0.4 

V 

DM74187 

Vcc = 4.75V 





Logical "1" Input Current 

DM54187 

Vcc = 5.5V 

V|n=2.4V 



40 

/iA 

DM74187 

Vcc = 5.25V 




DM54187 

Vcc = 5.5 V 

V|N = 5.5V 
V,n=0.4V 



1 


Logical "0" Input Current 

DM74187 

DM54187 

Vcc = 5.25V 
Vcc = 5.5 V 



-1.0 

mA 


DM74187 

Vcc = 5.25 V 



Supply Current 

DM54187 

Vcc = 5.5V 

All Inputs at G!MD. 


75 

110 

mA 


DM74187 

Vcc = 5.25V ‘ 


Input Clamp Voltage 

DM54187 

Vcc = 4.5V 

1 IN ~ “12 mA 



-1.5 

V 

DM74187 

Vcc = 4.75V 

! 



Propagation Delay to a Logical “0" from 
Enable to Output, tp^o 

Vcc = 5.0V 
Ta = 25°C 

Cl = 30 pF 


20 . 

30 

ns 

Propagation Delay to a Logical /'O" from 
Address to Output, tp^o 

Vcc = 5.0V 
Ta = 25°C 

Cl = 30 pF 


37 

60 

ns 

Propagation Delay to a Logical "1" from 
Enable to Output, tpjji 

Vcc =5.0V 
Ta = 25°C 

Cl = 30 pF 


20 

30 

ns 

Propagation Delay to a Logical "1” from 
Address to Output, tpdi 

Vcc = 5.0V 
Ta = 25°C 

Cl = 30 pF 


36 

60 

ns 


Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. Except for "Operating Temperature Range" they are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55° C to +125°C temperature 

range for the DM54187 and across the 0°C to 70°C range for the DM74187. AH typicals are given 
for Vcc = 5.0V and Ta = 25°C. 
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ordering instructions 



Programming instructions for the DM54187 or 

10-13 

Punch "H", "L", or "X" for bits four, 

DM74187 are solicited in the form of a sequenced 


three, two, and one (outputs Y4, Y3, Y2, 

deck of 32 standard 80-column data cards pro- 


and Yl in that order) for the first set of 

viding the information requested under data card 


outputs specified on the card. H = high- 

format, accompanied by a properly sequenced 


level output, L = low-level output, X = 

listing of these cards, and the supplementary 


output irrelevant. 

ordering data. Upon receipt of these items, a com- 
puter run will be made from the deck of cards 

14 

Blank 

which will produce a complete truth table of the 

15-18 

Punch "H", "L", or "X" for the second 

requested part. This truth table, showing output 


set of outputs. 

conditions for each of the 256 words, will be 

19 

Blank 

forwarded to the purchaser as verification of the 

20-23 

Punch "H", "L", or "X" for the third set 

input data as interpreted by the computer -auto- 
mated design (CAD) program. This single run also 

24 

of outputs. 

generates mask and test program data; therefore. 

Blank 

verification of the truth table should be completed 

25-28 

Punch "H", "L", or "X" for the fourth set 

promptly. 


of outputs. 

Each card In the data deck prepared by the pur- 

29 

Blank 

chaser identifies the eight words specified and 

30-33 

Punch "H", "L", or "X" for the fifth set 

describes the conditions at the four outputs for 


of outputs. 

each of the eight words. All addresses must have 

34 

all outputs defined and columns designated as 

Blank 

''blank" must not be punched. Cards should be 

35-38 

Punch "H", "L", or "X" for the sixth set 

punched according to the data card format shown. 


of outputs. 


39 

Blank 

supplementary ordering data 

40-43 

Punch or "X" for the seventh 

set of outputs. 

Submit the following Information with the data 
cards: 

44 

Blank 

a) Customer's name and address 

b) Customer's purchase order number 

c) Customer's drawing number. 

45-48 

Punch "H", "L", or "X" for the eighth 

49 

set of outputs. 
Blank 

50-51 

Punch a right-justified integer representing 
the current calendar day of the month. 

data card format 

52 

Blank 

Column 

53-55 

Punch an alphabetic abbreviation repre- 

1- 3 Punch a right-justified integer representing 


senting the current month. 

the binary input address (000-248) for 

56 

Blank 

the first set of outputs described on the 

57-58 

Punch the last two digits of the current 

card. 


year. 

4 Punch a " (Minus sign) 

59 

Blank 

5- 7 Punch a right-justified integer representing 
the binary input address (007-255) for 

60-61 

Punch "DM" 

the last set of outputs described on the 

62-66 

Punch the National Semiconductor part 

card. 


number 54187 or 74187. 

8- 9 Blank 

67-70 

Blank 
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DM54187/DM74187 


DM54L187A/DM74L187A 



National 

Semiconductor 


Bipolar ROIV 


DM54L187A/DM74L187A{SN54L187A/SN74L187A) 
low power 1024-bit read only memory 


general description 

The DM54L187A/DM74L187A is a custom- 
programmed Read Only Memory organized as 
256 4-bit words. Selection of the proper word is 
accomplished through the eight select inputs. 

The "A" suffix is used to denote that full "tenth- 
power" technology has been employed in building 
this ROM. 

Two overriding memory enable inputs are provided 
which when mask-programmed in one of the three 
options described will cause all four outputs to 


read either the normal memory contents or ( 
the logical "1" state. 

features 

■ Full tenth-power technology 

■ Pin compatible with SN54187/SN74187 

■ Typical power dissipation 91 

■ Typical access time 1 

■ Custom-programmed memory enable inpu 

■ Open-collector outputs 


logic diagram 



Pin(1B) = Vcc Pin(8) = GN0 
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absolute maximum ratings (Note i) operating conditions 


Supply Voltage 7.0V 

input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150'’C 

Lead Temperature (Soldering, tO seconds) 300°C 


Supply Voltage ( Vcc) 
DM54L187 
DM74L187 

Temperature (T/^) 
DM54L187 
DM74L187 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical" 1" Input Voltage 

Vcc " 

2.0 



V 

Logical "0" Input Voltage 

Vcc ~ Min 



0.7 

V 

Logical "1" Output Current 

Vcc = Max. Vq =5.5V 
(Memory Enable = Logical 1) 



50 

(xA 

Logical "0" Output Voltage 






DM54L187 

Vcc “ Min, Iq = 2.0 mA 



0.3 

V 

DM74L187 

^cc ~ Min, Iq — 3.2 mA 



0.4 

V 

Logical "1" Input Current 

Vcc = Max, V,N = 2.4V 



10 

iuA 


Vcc = Max, V,N = 5.5V 



100 

HA 

Logical "0" Input Current 

Vcc = Max, V,N = 0.3V 


-120 

-180 

liA 

Supply Current (Each Device) 

Vcc “ Max, All Inputs at GND 


18 

25 

mA 

Input Clamp Voltage 

Vcc = Mih, l|N == -12 mA 



-1.5 

V 

Propagation Delay to a Logical "0" 

Vcc‘=5.0V,Cl = 15pF, 


46 

70 

ns 

From Enable to Output (tpco) 

Ta = 25®C, Rl =» 2.0 





Propagation Delay to a Logical "0" 

Vcc *5.0 V,Cl = 15pF, 


65 

98 

ns 

From Address to Output (tpdo) 

Ta = 25°C, Rl = 2.0 k£l 





Propagation Delay to a Logical "1" 

Vcc=5.0V,Cl = 15pF, 


85 

130 

ns 

From Enable to Output (tpdi) 

Ta ^ 25X Rl = 2.0 



i 


Propagation Delay to a Logical "1" 

Vcc = 5.0V, Cl = 15 pF, 


120 

180 

ns 

From Address to Output (tp^ t ) 

Ta = 25®C, Rl * 2.0 kU 






Note 1: "Absolute Maximum Ratings" are those valu^ beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not rneant to imply that the devices should be operated at these limits. 
Note 2: Unless otherwise specified min/max limits apply across the ~55'’C to +125"C temperature range for the DM54L187 
and across the O^C to +70'’C range for the DM74L187. All typicals are given for Vcc ® 5.0V and *= 25°C. 


ordering instructions 


Programming instructions for the DM54LT87 or 
DM74L187 are solicited in the form of a sequenced 
deck of 32 standard 80-column data cards pro- 
viding the information requested under data card 
format;^ accompanied by a properly sequenced 
listing of these cards, and the supplementary 
ordering data. Upon receipt of these items, a com- 
puter run will be made from the deck of cards 
which will produce a complete truth table of the 
requested part. This truth table, showing output 
conditions for each of the 256 words, will be 
forwarded to the purchaser as verification of the 
input data as interpreted by the computer -auto- 
mated design (CAD) program. This single run also 
generates mask and test program data; therefore, 
verification of the truth table should be completed 
promptly. 


Each card in the data deck prepared by the pur- 
chaser identifies the eight words specified and 
describes the conditions at the four outputs for 
each of the eight words. All addresses must have 
all outputs defined and columns designated as 
"blank" must not be punched. Cards should be 
punched according to the data card format shown. 


supplementary ordering data 

Submit the following information with the data 
cards: 

a) Customer's name and address 

b) Customer's purchase order number 

c) Customer's drawing number. 
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DM54L187A/DM74L187A 








D M54 L187A/ D M74L187A 


data card format 

Column 

1- 3 Punch a right-justified integer representing 
the binary input address (000-248) for 
the first set of outputs described on the 
card . 

4 Punch a " (Minus sign) 

5- 7 Punch a right-justified integer representing 
the binary input address (007-255) for 
the last set of outputs described on the 
card. 

8- 9 Blank 

10-13 Punch "H", or "X" for bits four, 
three, two, arid one (outputs Y4, Y3, Y2, 
and Y1 in that order) for the first set of 
outputs specified on the card. H = high- 
level output, L = low-level output, X = 
output irrelevant. 

14 Blank 

15-18 Punch "H", “L", or ''X" for the second 
set of outputs. 

19 Blank 

20-23 Punch "H", "L", or "X" for the third set 
of outputs. 

24 Blank 

25-28 Punch "H", "L", or "X” for the fourth set 
of outputs. 

29 Blank 


connection diagram 

Dual-In-Line and Flat Package 


MEMORY 

ENABLE OUTPUTS 



BINARY SELECT 
TOP VIEW 


Order Number DM54 L 187 A J 
or Diyi74L187AJ 
See Package 10 
Order Number DM54L187AN 
or DM74L187AN 
See Package 15 
Order Number DM54L187AW 
or DM74L187AW 
See Package 28 


30-33 

Punch "H", "L", or "X" for the fifth set 
of outputs. 

34 

Blank 

35-38 

Punch "H", "L", or "X" for the sixth set 
of outputs. 

39 

Blank 

40-43 

Punch "H", "L", or "X" for the seventh 
set of outputs. 

44 

Blank 

45-48 

Punch "H", "L", or "X” for the eighth 
set of outputs. 

49 

Blank 

50-51 

Punch a right-justified integer representing 
the current calendar day of the month. 

52 

Blank 

53-55 

Punch an alphabetic abbreviation repre- 
senting the current month. 

56 

Blank 

57-58 

Punch the last two digits of the current 
year. 

59 

Blank 

60-61 

Punch "DM" 

62-67 

Punch the National Semiconductor part 
number 54L187 or 74L187 

68-70 

Blank 


truth table 


OPTION 

MEi 

ME2 

OUTPUTS 

1 

0 

0 

Normal 


1 

X 

Logical 1 


X 

1 

Logical 1 

2 

1 

1 

Normal. 


0 

X 

Logical 1 


X 

0 

Logical 1 

3 

1 

0 

Normal 


X 

1 

Logical 1 


0 

X 

Logical 1 


X = Don't care 
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National 


Semiconductor 


Bipolar ROMs 


DM54S187/DM74S187 open-collector 1024-bit ROM 
DM75S97/DM85S97 TRI-STATE® 1024-bit ROM 


general description 

These TTL compatible memories are organized in the 
popular 256 words by 4 bits configuration. Two 
memory enable inputs are provided to control the 
output states. When both enable Inputs are in the 
logical “0" state, the outputs present the contents of 
the word selected by the address inputs. 

If either or both of the enable Inputs is raised to a logical 
"1” level, it causes all four outputs to go to the "OFF" 
or high Impedance state. The memories are available in 
both open -CO I lector and TR I -STATE versions and are 
available as PROMs as well as ROMs. 


features 

■ Schottky clamped for high speed systems 

■ High speed 

Enable to output delay— typical 15 ns 

Address to output delay— typical 30 ns 

■ PNP inputs reduce Input loading 


connection diagram 

Dual-In-Line Package 


Vcc A7 enable 2 enable 1 out 1 OUT 2 OUT 3 OUT 4 



Order Number DM54S1873 or DM74S187J, DM75S97J or DM85S97J 
See Package 10 

Order Number DM74S187N or DM85S97N 
See Package 15 
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DM54S187/DM74S187, DM75S97/DM85S97 




DM54S187/DM74S187, DM75S97/DM85S97 


absolute maximum ratings 

(Notei) operating conditions 






MIN MAX UNITS 

Supply Voltage (Note 2) 

-0.5V to -I-7.0V Supply Voltage (Vqq) 




Input Voltage (Note 2) 

-1 .2V to -T5.5V DM54S187, DM75S97 4.5 5.5 

V 

Output Voltage (Note 2) 

-0.5V to -1-5.5V DM74S187, DM85S97 4.75 5.25 

V 

Storage Temperature -65°C to -^150^C Ambient Temoerature (T a) 



Lead Temperature (Soldering, 10 seconds) 

^ DM54S187, DM75S97 -55 -M25 

“c 


DM74S187, DM85S97 0 +70 



Logical "O' 

Input Voltage 

D 0.8 

V 


Logical "1' 

Input Voltage 2.0 5.5 

V 

dc electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|H Logical "1 " Input Current 

V,n=2.7V 



25 

mA 

■ 

V,N = 5.5V 



1.0 

mA 

l|L Logical "0" Input Current 

V,^,= 0.45V 



-250 

mA 

VcL Input Cbmp Voltage 

1 ||vj — 1 8 mA 



-1.2 

V 

Vql Logical "0" Output Voltage 






DM54S187, DM75S97 




0.50 

V 


Iql ~ 15 mA 





DIV174S187, DM85S97 




0.45 

V 

Ice Maximum Supply Current 



80 

130 

mA 

DM54S187, DM74S187 

Iqh Logical "1 " Output Current 

VouT - 2.4V 



50 

aa 


VouT = 5.5V - 



100 

mA 

DM75S97, DM85S97 

Vqh Logical "1" Output Voltage 






DM75S97 

Iqi_i — 2.0 mA 

2.4 



V 

DM85S97 

Iqh “ “6.5 mA 

2.4 



V 

Iqs Output Short Circuit Current 

VouT =0V (Notes) 

-30 


-100 

mA 


Vec = Max 





Iqz TRI-STATE Output Current 

0.45V < VouT < 2.4V 

-50 


50 

HA 

switching characteristics (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t^A Address to Output Delay 



30 


ns 

tgA Time to Enable Output 

Rl = 300n 


15 


ns 


Cl=30pF 





tED Time to Disable Output 




15 


ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged 

. They do not mean that 

the device may be operated at these values. 






Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for V^c = 5.0V and Ta = 25“ C. 

Note 3: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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National 

Semiconductor 


Bipolar ROMs 


DM54S270/DM74S270 open -col lector 2048-bit ROM 
DM54S370/DM74S370 TR I -STATE® 2048 -bit ROM 


general description 

These Schottky ROM memories are organized in the 
popular 512 words by 4 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
4 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as PROM's as 
well as ROM's. 


features 

■ Schottky-clamped for high speed 

Address access— 55 ns max 
Enable access— 30 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ PROM mates are DM74S570 and DM74S571 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S270 


X 

X 


N, J 

DM74S370 


X 


X 

N, J 

DM54S270 

X 


X 


J 

DM54S370 

X 



X 

J 



DM54S270/DM74S270, DM54S370/DM74S370 




















DM54S270/DM74S270, DM54S370/DM74S370 


absolute maximum ratings (Notei) operating conditions 










MIN 

MAX 

UNITS 

Supply Voltage 

-0.5Vto+7V Supply Voltage (Vqq) 





Input Voltage 

-1 .2V to -I-5.5V 

DM54S270, DM54S370 

4.5 

5.5 

V 

Output Voltage 

-0.5V to +5.5V 

DM74S270, DM74S370 

4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

— 65C to+150^C Ambient Temperature (T/^) 

^ DM54S270, DM54S370 


55 

+125 

°c 




DM74S270, DM74S370 


3 

+70 

°c 



Logical "0 

' Input Voltage (Low) 

3 

0.8 

V 



Logical "1 

' Input Voltage (High) 2.0 

5.5 

V 

dc electrical characteristics (Note 2) 











DM54S270, 54S370 

DM74S270, 74S370 



PARAMETER 

CONDITIONS 



- 




UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

llL 

Input Load Current, All Inputs 

Vcc= IVlax, V IN = 0.45V 


-80 

-250 


-80 

-250 

AiA 

l|H 

Input Leakage Current, All Inputs 

Vcc “ Max, V|N = 2.7V 



25 



25 

/iA 

l| 

Input Leakage Current, All Inputs 

Vcc Max, V|N = 5.5V 



1.0 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vqc = Min, loL ” 1® 


0.35 

0.45 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

ICEX 

Output Leakage Current 

Vcc Max, VcEX = 2.4V 



50 



50 

fiA 


(Open-Collector Only) 

Vcc " Max, VcEX “ 



100 



100 

IjlA 

vc 

Input Clamp Voltage 

Vcc “ Min, l|N = ~18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

VcC = 5V,Vin = 2V,Ta = 25'^C, 


4.0 



4.0 


PF 



1 MHz 








Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc ~ Max, All Inputs Grounded, 
All Outputs Open 


80 

130 


80 

130 

mA 

TRI-STATE PARAMETERS 

'sc 

Output Short Circuit Current 

Vo = OV, Vcc = Max, (Note 3) 

-20 

-45 

-70 

-20 

-45 

-70 

mA 

IHZ 

Output Leakage (TRI -STATE) 

Vcc " Max, Vq = 0.45 to 2.4V, 
Chip Disabled 



±50 



±50 

^A 

VOH 

Output Voltage High 

IOH = ~2mA 

2.4 

IQ9 





V 



lOH ” ""0.5 mA 




2.4 

3.2 


V 

ac electrical characteristics (Withstandardioad) 




DM54S270, 54S370 

DM74S270, 74S370 

||g| 


PARAMETER 

CONDITIONS 

5V ±10%; -55°C to +1 25'’C 

5V ±5%; O'^C to +70°C 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

nn 

tAA 

Address Access Time 



37 

70 


37 

55 

ns 

tEA 

Enable Access Time 



18 

35 


18 

30 

ns 

tER 

Enable Recovery Time 



18 

35 


18 

30 

ns 

Note 1 

Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 

may be operated at these values. 









Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc “ 5V and T/\ = : 
Note 3: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

25° C. 
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National 

jul Semiconductor 


Bipolar ROMs 


DM54S271/DM74S271 open-collector 2048-bit ROM 
DM54S371/DM74S371 TRI-STATE® 2048-bit ROM 


general description 

These Schottky ROM's are organized in the popular 
256 words by 8 bits configuration. Two memory enable 
inputs are provided to control the output states. When 
both enable inputs are in the low state, the outputs 
present the contents of the selected word. 

If either or both of the enable inputs is raised to a high 
level, it causes all 8 outputs to go to the “OFF" or 
high impedance state. The memories are available in 
both open-collector and TRI-STATE versions and are 
available as PROM's as well as ROM's. 


features 

■ Schottky-clamped for high speed 

Address access— 60 ns max 
Enable access— 35 ns max 

■ PNP inputs reduce input loading 

■ Alt dc and ac parameters guaranteed over temperature 

■ High density 20-pin package 

■ PROM mates are DM74S470 and DM74S471 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S271 


X 

X 


N, J 

DM74S371 


X 


X 

N, J 

DM54S271 

X 


X 


J 

PM54S371 

X 



X 

J 



block diagram 


connection diagram 

Dual-In Line Package 


2043 BIT ARRAV 
32 X 64 BIT 
MEMORY MATRIX 



logic symbol 
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DM54S271/DM74S271 , DM54S371/DM74S371 



DM54S271/DM74S271 , DM54S371/DM74S371 


absolute maximum ratings 

(Notel) 

Operating conditions 

MIN 

MAX 

UNITS 

Supply Voltage 

-0.5V to +7V 

Supply Voltage (Vqq) 




Input Voltage 

-1.2Vto+5.5V 

DM54S271, DM54S371 

4.5 

5.5 

V 

Output Voltage 

-0.5V to +5.5V 

\ DM74S271,DM74S371 

4.75 

5.25 

V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds.) 300°C 

Ambient Temperature (T/^) 
DM54S271,DM54S37T 

-55 

-H25 

°c 



DM74S271, DM74S371 

0 

+70 

°c 



Logical "0" Input Voltage (Low) 

0 

0.8 

V 



Logical "1" Input Voltage (High) 

2.0 

5.5 

V 

dc electrical characteristics 

(Note 2) 






PARAMETER 

CONDITIONS 

DM54S271, 54S371 

DM74S271, 74S371 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

IlL 

Input Load Current, All Inputs 

Vcc = Max, V|N - 0.45V 


-80 

-250 


-80 

-250 

UA 

'IH 

Input Leakage Current, All Inputs 

Vcc = Max, V|[sj = 2.7V 



25 



25 

pA 

U 

Input Leakage Current, All Inputs 

Vcc = Max, V|N = 5.5V 



TO 



1,0 

mA 

vql 

Low Level Output Voltage 

Vcc “ Min, IqL ~ 


0.35 

0.45 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

VlH 

High Level Input Voltage 


2 0 



2.0 



V 

ICEX 

Output Leakage Current 

Vcc = Max, VcEX = 2.4V 



50 



50 

IdA 


(Open-Collector Only) 

Vcc " Max, VcEX 5.5V 



100 



100 

juA 

vc 

Input Clamp Voltage 

Vcc ~ Min, l|N = -18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc = 5V, V|N = 2V, Ta = 25°C, 
1 MHz 


4.0 



4.0 


pF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 


6.0 



6,0 


pF 

•cc 

Power Supply Current 

Vcc ~ Max, All Inputs Grounded, 
All Outputs Open 


120 

150 


120 

150 

mA 


TRI-STATE PARAMETERS 


Isc 

Output Short Circuit Current 

Vo = OV, Vcc = Max, (Note 3) 

-20 

-45 

-70 

-20 

-45 

-70 

mA 

IHZ 

Output Leakage (TRI-STATE) 

Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 



±50 



±50 

UA 

Vqh 

Output Voltage High 

IOH = “2mA 

2.4 

3.2 





V 

IqH " “6.5 mA 




2.4 

3.2 


V 


ac electrical characteristics (With Standard load) 





DM54S271, 54S371 

DM74S271, 74S371 



PARAMETER 

CONDITIONS 

5V ±10%;-55°C to±125°C 

5V ±5%;0°Cto +70°C 

UNITS 




MIN 

TYP 

MAX 


TYP 

MAX 


tAA 

Address Access Time 



37 

75 


37 

60 

ns 

tEA 

Enable Access Time 



18 

40 


18 

30 

ns 

tER 

Enable Recovery Time 



18 

40 


18 

30 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc 5V and T/\ = 25° C. 

Note 3: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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J^Nationdl 
mit Semiconductor 


Bipolar ROMs 


DM75S29/DM85S29 open-collector 8192 -bit ROM 
DM75S28/DM85S28 TRI-STATE'^8192-bit ROM 


general description 

These Schottky ROM memories are organized in the 
popular 1024 words by 8 bits configuration. Four 
memory enable inputs are provided to control the out- 
put states. When El and E2 are lovv and E3 and E4 are 
high, the output presents the contents of the selected 
word. 

If E1 or E2 are high, or E3 or E4 are low, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as PROM's as 
well as ROM's. 


features 

■ Schottky-clamped for high speed 

Address access— 70 ns max 
Enable access— 45 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ PROM mates are DM87S229 and DM87S228 



Military 

Commercial 

Open- 

Collector 

TRI STATE 

Package 

DM85S29 


X 

X 


N, J 

DM85S28 


X 


X 

N,J 

DM75S29 

X 


X 


J 

DM75S28 

X 



■ X 

J 


block diagram 


connection diagram 

t>uaMn-Line Package 

“XT 







B132BIT 
128 X 
MEMORY 

ARRAY 

64-BIT 

matrix 




BBi 

_ iffl 

DECODER 

m 

!&■> 

_ 

DECODER 

- V8 
DECODER 

Ik. 

_ . 1/8 
decoder 

« t/a ' _ 
decoder 

i 


ho „ 
F-o 


logic symbol 


The device is enabled when: El * E2 • E3 * E4 
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DM75S29/DM85S29, DM75S28/OM85S28 























DM75S29/DM85S29, DM75S28/DM85S28 


absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

-0.5V to +7V 

Supply Voltage (Vcc> 




Input Voltage 

-1 .2V to +5.5V 

DM75S29, DM75S28 

4.5 

5.5 

V 

Output Voltage 

-0.5V to +5.5V 

DM85S29, DM85S28 

4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-65° C to +150°C 
300° C 

Ambient Temperature (T^) 
DM75S29, DM75S28 

-55 

+125 

°c 



DM85S29, DM85S28 

0 

+70 

°c 



Logical "0" Input Voltage (Low) 

0 

0.8 

V 



Logical "1" Input Voltage (High) 

2.0 

5.5 

V 


dc electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

DM75S29, 75S28 

DM85S29, 85S28 

UNITS 

MIN 

TYP 

MAX 

MIN j 

TYP 

MAX 

llL 

Input Load Current, All Inputs 

Vcc = Max. V IN = 0.45V 


-80 

-250 


-80 

-250 

pA 

l|H 

Input Leakage Current, All Inputs 

VcC “ Max, V||S] = 2.7V 



25 

' 


25 

iuA 

l| 

Input Leakage Current, All Inputs 

VcC " Max, V|(\| = 5.5V 



1.0 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vqc = Min, Iql = 16 mA 


0.35 

0.5 


0.35 

0.5 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

•CEX 

Output Leakage Current 
(Open-Collector Only) 

VcC = Max. VcEX = 2 4V 



50 



50 

liA 

VcC ~ Max, VcEX “ 5.5V 



100 



100 

ma 

vc 

Input Clamp Voltage 

Vcc ” Min, l||sj = -18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc = 5V, V|N = 2V. Ta = 25°C, 
1 MHz 


4.0 



4.0 



Co 

Output Capacitance 

Vcc = 5V, Vo = 2V. Ta = 25°C, 
1 MHz, Output "OFF" 


6.0 



6.0 


pF 

Icc 

Power Supply Current 

Vcc ^ Max, All Inputs Grounded, 
All Outputs Open 


140 

170 


140 

170 

mA 


TRI-STATE PARAMETERS 


isc 

Output Short Circuit Current 

Vq = OV, Vcc == Max, (Note 3), 

-30 

-60 

-100 

-30 

-60 

-ioo 

mA 

'HZ 

Output Leakage (TRI-STATE) 

Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 



±50 



±50 

juA 

Vqh 

Output Voltage High 

IOH^“2mA 

2.4 

3.2 





V 

lOH “ ~®-5 mA 




2.4 

■gji 


V 


ac electrical characteristics (With standard load) 


- ' 



DM75S29, 75S28 

DM85S29, 85S28 



PARAMETER 

CONDITIONS 

5V ±10%;~55°Cto+125°C 

5V ±5%;0°Cto+70°C 

UNITS 




MIN 

TYP 

MAX 

IQQIII 

moi 

MAX 


tAA 

Address Access Time 



47 

90 


mm 

70 

ns 

tEA 

Enable Access Time 



30 

HQQIIIII 


30 

45 

ns 

tER 

Enable Recovery Time 



30 



30 

45 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and Ta = 25°C. 

Note 3: During I5C measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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National 

Semiconductor 


Bipolar ROMs 


DM7575/DM8575, DM7576/DM8576 
programmable logic array (PLA) 

general description 


The DM7575/DM8575 and DM7576/DM8576 are 
mask-programmable logic arrays designed for use 
in applications where random logic is required. The 
devices have fourteen data inputs and eight out- 
puts. Each output provides a sum of product terms 
where each product term can contain any combina- 
tion of 14 variables or their complements. The 
total number of product terms which can be pro- 
vided is 96. Any product term which is repeated 
is counted only once. Since some functions are 
more easily represented in their inverted form, an 
option is provided to allow for either the true or 
complement of the function on each output. The 
products are particularly useful in providing con- 
trol logic for digital systems. The DM7575/ 


DM8575 has a conventional totem-pole output 
whereas the DM7576/DM8576 is provided with 
a passive pullup output. This latter configuration 
Is useful In expanding functions by connection of 
outputs of different packages. 

features 

■ A 2^^-by-8 {1 28k) bit memory would be needed 
to provide equivalent function 

■ Typical delay 90 ns 

■ Typical power dissipation 550 mW 

• Series 54/74 compatible 


logic and connection diagrams 



rE:)i( IS A mask-programmable connection 


DuaMn-Line Package 



Order Number DM7575J, DM8575J, 
DM7576J or DM8576J 
See Package 1 1 

Order Number DM8575N or DM8576N 
See Package 18 
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DM7575/ DM 8 575. DM7576/DM8576 



DM7575/DM8575. DM7576/ DM8 576 


absolute maximum ratings (Note 1) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7.0V 

Supply Voltage {Vqq) 




Input Voltage 

5.5V 

DM7575, DM7576 

4.5 

5.5 

V 

Storage Temperature Range 

-65° C to+150°C 

DM8575, DM8576 

4.75 

5.25 

V 

Lead Temperature (Soldering, 10 sec) 

300° C 

Temperature (T/\) 






DM7575, DM7576 

-55 

+125 

°C 



DM8575, DM8576 

0 

70 

°C 


electrical characteristics (Note2> 


PARAMETER 

CONDITIONS 

^ 1 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 

Vcc=Min 

2 


■ i 

V 

Logical "0" Input Voltage 

Vcc “ 



0.8 

V 

Logical "1" Output Voltage 
(DM7575/DM8575 Only) 

Vcc-Mi„, V.~..1 = 2)^'An.o.-0.8V 
^ouT " 800^A 

2.4 



V 

Logical "I" Output Current 
(DM7576/DM8576 Only) 

Vcc = Max, VouT = 5.5V 



100 

pA 

Logical "0" Output Voltage 

Vcc = Min, V,n(i) = 2V,V,n(o)=0.8V 
lout " +1 2 mA 



0.4 

V 

Logical "1" Input Current 

V,n=2.4V 

Vcc = Max, v^^^ 5 5V 



40 

1 

mA 

mA 

Logical "0" Input Current 

Vcc = Max, V,N = 0.4V 



-1.0 

mA 

Output Short Circuit Current DM7575/76 

(Note 3) DM8575/76 

Vcc = Max, VouT = OV 

-20/-1.75 

-18/-1.65 


-55/-3.5 

-55/-3.3 

mA 

Supply Current 

Vcc “ Max 


110 

170 

mA 

Input Diode Clamp Voltage 

Vcc = Min, _ 

Ta.25°C 



-1.5 

V 

Propagation Delay to a Logical "0" from Data 
Inputs to Outputs, tpdo 

= 50 pF, R,. = 400SI 


100 

150 

ns 

Propagation Delay to a Logical "1" from Data 
Inputs to Outputs, tpdi 

Vcc = 5.0V 
Ta = 25°C 


80 

I 

150 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DM7575/76 
and across the 0*^0 to 70°C range for the DM8575/76. All typicals are given for Vqq = 5.0V and T/\ = 25° C. 

Note 3: Only one output at a time should be shorted. 
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information needed to program 

Information to program the PLA can be supplied 
in one of two formats: 

1. Punched 80-column cards 

2. The applicable section of this data sheet (manual 
entry of information). 

punched cards 

CARD 1; (Used to determine whether outputs are 
presented in their true or inverted form. If this 
card Is not used it is assumed that all eight outputs 
are true.) 

Col. 1-6: DM7575 or DM8575 or DM7576 or 
DM8576. 

Col. 7-9: (Blank) 

Col. 10-17: Output Data. Outputs are Fg (most 
significant) to Fi (least significant). All eight 
outputs must be specified. 

A T' in an output location indicates that the 
output is true. 

A 'C' in an output location indicates that the 
output is complemented (inverted). 

Col. 18-39: (Blank) 

Col. 40-75: This space is r-eserved for any unique 
letters/numbers desired by the customer (special 
part number, program number, etc.). However the 
exact combination of characters must appear on 
all cards, but only those cards, associated with that 
particular device. 

Col. 76-78: (Blank) 

Col, 79-80; 00 

CARDS 2-97: Term Data Cards. Used to specify the 
input and output conditions. 

Col. 1-6: DM7575 or DM8575 or DM7576 or 
DM8576. 

Col. 7-9; (Blank) 

Col. 10-17; Output Connections. Outputs are Fg 
(most significant) to F^ (least significant). This 
field describes the outputs on which the product 
term appears. 

A ‘+' in one of the eight output locations indi- 
cates that the term described by the card is one 
of the "OR" terms in that output. 

A '(blank)' in one of the eight output locations 
indicates that the term described by the Card 
is not one of the "OR" terms in that output. 

(Care should be exercised in punching this particu- 
lar field; since in rhost cases, unless a product term 
is repeated, this field will appear as one '+' and 
seven blanks.) 

Col. 18; (Blank) 

Col. 19; = (equal sign) 

Col. 20: (Blank) 

Col. 21-34; Input Data. Inputs are 1^4 (most signi- 
ficant) to 1 1 (least significant). 

An 'H' in one of the fourteen locations indi- 
cates that input appears in the high state in the 
output term. 

An 'L' in one of the fourteen input locations 
indicates that input appears in the low state in 
the output term. 

An 'X' in one of the fourteen input locations 
indicates that input does not appear in the 
output term. 


the PLA 

CoL 35-39: (Blank) 

Col. 40-75; This space is reserved for any unique 
letter/number desired by the customer (special 
part number, program number, etc.) However the 
exact combination of characters must appear on 
all cards, but only those cards, associated with that 
particular device. The purpose of this section is to 
prevent mixing of cards. 

Col. 76-78: (Blank) 

Col. 79-80: Product Term Number 01 to 96. (All 
96 cards need not be used.) Zero in column 79 may 
be suppressed. 

manual entry 

The matrix-blank shown in this data sheet can be 
used in lieu of punched cards to submit information 
for programming the PLA. 

INSTRUCTIONS 

1. Circle the appropriate part, number. Intheevent 
a catalog part is not being purchased, circle the 
closest catalog part number. If an electrical 
screen is required between the military and 
commerical devices, the military designation 
should be circled. 

2. Customer should write the nameof his company. 

3. Enter the total number of unique product terms 
found in all eight outputs. Repeated terms 
count only once. 

4. Output Inverter Option. Under the appropriate 
output designation specify a 'T' when the high 
(true) level is desired on the output for the 
given input conditions. Specify a 'C' if the 
complement is needed. 

5. Matrix 

a. Input data. This block is used to describe 
what comprises each of the 96 (maximum) 
product terms. In each row, opposite the 
appropriate Product Term number, informa- 
tion on the fourteen Input Data locations is 
entered. Information must be entered on all 
14 inputs. 

1) . Enter an "H" under the appropriate 

input designation if that particular input 
appears in the product term as a high 
(true) level. 

2) . Enter an "L" under the appropriate in- 

put designation if that particular input 
appears in the product term as a low 
(complemented) level. 

3) . Enter an "X" under the appropriate input 

designation if that particular input does 
not appear in the product term. 

If less than 96 product terms are used leave 
all spaces for the unused terms blank. 

b. Output Data. This block is used to describe 
the outputs on which the product terms 
appear. 

1) . Enter a '+' under the appropriate output 

designation if the product term is con- 
tained in that output's expression. 

2) . Leave a location blank if the product 

term is not contained in that output's 
expression. , 
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DM7575/DM8575, DM7576/DM8576 


truth table/order blank 


1. PART NO. — (DWI7575, DM8575. DM7576, DM8576) 

2. CUSTOMER IDENTIFICATION - 

3. TOTAL NO. OF UNIQUE PRODUCT TERMS USED - 
(Repeated Terms Count Only Once) 

4. OUTPUT INVERTER OPTION 

5. MATRIX 
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truth table/order blank (con't) 


PRODUCT 

INPUT DATA 

OUTPUT DATA 

TERM 

BB 


Oil 

BB 

BQ 

m 

m 

□ 

□ 

Q 

I 4 

I 3 

'2 

li 


Fs 

>7 

Fs 

F 5 

F 4 

F 3 


Ft 


43 

























44 
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DM7575/DM8575, DM7576/ DM8576 


truth table/order blank 


1. PART NO. - (DM7575, DM8575, DM7576, DM8576) 

hMlSTSAAA ,T>M8575/m, 2)M8576»/W 


2. CUSTOMER IDENTIFICATION- 

^AtJtid^UiThnBM WoLtCe/TW 29 To ascii 


3. TOTAL NO. OF UNIQUE PRODUCT TERMS USED 
(Repeated Terms Count Only Once) 


% 


4. OUTPUT INVERTER OPTION 


5. MATRIX 


fa 

fy 

Fe 

F5 

F4 

F3 

fl 

Fi 

T 

T 

r 

T 

T 

T 

T 

r 


PRODUCT 

TERM 

INPUT DATA OUTPUT DATA J 


DB 


m 

Bfl 

IQ 

B 

11 

IB 

Q 

B 

D 

Q 

la 

D 

63 

B 

Fe 


B! 

El 

m 

Q 

■ 

1 



B 

Rl 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

n 

B 

B 

B 

B 

B 

m 

2 



B 

n 

B 

B 

B 

B 

B 

B 

B 

B 

B 

D 

D 

B 

n 

B 

El 

B 

B 

/ 

jn 

3 

E 


B 

n 

B 

B 

B 

B 

B 

e 

B 

B 

B 

B 

a 

B 

u 

B 

B 

B 

n 

B 

H 

4 


El 

B 

n 

B 

B 

B 

El 

n 

B 

B 

B 

B 

B 

B 

B 

m 

B 

B 

B 

D 

a 

13 

5 

o 

<=> 

o 


o_ 

B 

B 

B 

/ 


o 

o 

/ 

B 

a 

o 

m 

B 

B 

n 

B 


B 

6 



B 

D 

B 

B 

B 

D 

IB 

B 

B 

n 

B 

B 

B 

B 

u 

B 

B 

n 

B 

/ 

J] 

7 


B 

B 

B 

B 

B 

B 

B 


B 


B 

B 

n 

B 

B 

a 

B 

B 

n 

D 

SI 

B 

8 


B 

B 

T] 

o 

o 

/ 

o 


e> 


O 

o 

B 

n 

O 

a 

B 

B 

n 

a 

a 

H 

9 

o 

B 


/ 

o 

o 

7 

o 

O 

B 

o 


o 

Tl 

IT 

o 

/ 

B 

n 

B 

B 


fl 

10 

B 

B 

B 

B 

B 

B 
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B 

B 

B 

B 

B 

n 

B 


B 

n 

B 

n 

B 

B 

n 

H 

11 

B 

B 

B 

B 

B 

B 

B 

H 

El 

B 

B 

B 

D 

B 

B 

B 

n 

B 

n 

B 

n 

B 

D 

12 

B 

B 

B 

B 

B 

D 

B 


B 

B 

B 

B 

B 

a 

n 

B 

n 

B 

n 

B 

n 

n 

B 

13 

E 

B 

B 

B 

B 

B 

B 

B 

D 

B 

B 

B 

B 

B 


B 

D 

B 

n 

n 

B 


H 

14 

B 

ra 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

a 

B 

n 

B 

n 

B 

D 

n 

B 

n 


15 

B 

B 

B 

B 

B 

B 

B 

B 

n 

B 

B 

B 

B 

n 

n 

B 

n 

B 

a 

n 

n 

B 

. 

16 

Is] 

B 

B 

B 

B 

B 


B 

B 

B 

n 

D 

B 

B 

B 

B 

n 

B 

D 

D 

a 

D 

B 

17 

B 

B 

B 

B 

B 

B 


B 

B 

B 

iB 

D 

B 

B 

D 

B 

n 

n 

B 

B 

B 

ra 

B 

18 

B 

B 

B 

ra 

B 

B 


B 

B 

B 

n 

B 

B 

B 

B 

B 

n 

n 

B 

B 

B 

D 

B 

19 

B 

B 

B 

B 

B 

B 


B 

B 

n 

B 

B 

B 

B 

B 


/ 

/ 

o 


T 



20 

B 

B 

B 

B 

B 

B 


B 

a 

B 

B 

B 

B 

B 

n 

B 

D 

n 

K3 

B 

D 

n 

B 

21 

B 

B 

B 

B 

B 

B 


n 

B 

B 

B 

B 

B 

B 

B 

B 

n 
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B 

B 

B 

22 

B 

B 

B 

B 

B 

B 

1 

B 

B 

B 

B 

B 

B 

B 

n 

B 

a 

n 

B 

n 

B 

a 

B 

23 

B 

B 

B 

B 

B 

n 


B 

B 

B 

B 

B 

B 

B 

n 

B 

n 

m 

B 

n 

n 

B 

B 

24 

B 

B 

B 

B 

n 

B 
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B 

B 

B 

B 

B 

B 

ra 

B 

B 
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m 

B 
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DM7597/DM8597 



National 

Semiconductor 


Bipolar ROMs 


DM7597/DM8597 TRI-STATE 1024-bit read only memory 


general description 

The DM7597/DM8597 is a custom -programmed 
read-only memory organized as 256 four-bit words. 
Selection of the proper word is accomplished 
through the eight select inputs. Two overriding 
memory enable inputs are provided, which when 
mask-programmed in one of three options des- 
cribed will cause all four outputs to either read 
the normal memory contents or go to the "high 
impedance" state. In this state both the upper and 
lower output transistors are turned off. The out- 
puts may therefore be paralleled to increase word 


capacity; since in the high-impedance state they 
present only a minimal load to the active output. 

features 

■ Pin compatible with SN54187/SN74187 

■ 35 ns typical delay from address to output 

■ Can be expanded to 32,768 4-bit words by 
simple paralleling of outputs 

■ Programmable memory enable inputs 


logic diagram 


ENABLE 





OAn ofitifiiii on mcffloiY eiHUe gate; 


connection diagram 


OPTION 3 

truth table 


Dual-tn-Line Package 


TABLE of Programmable Memory Enable Options 


Vcc 



TOP VIEW 

Order Number DM7597J or DM8597J Order Number DM8597N 
See Package 10 See Package 15 
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absolute maximum ratings (Note 1) 


Supply Voltage 
Input Voltage 
Output Voltage 

Operating Temperature Range DM7597 
DM8597 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


7V 

5.5V 

5.5V 

-55°Cto+125°C 

0°Cto+70°G 

~65°Cto+150°C 

300°C 


electrical characteristics (Note 2) 


Logical "1" Input Voltage 

DM7597 

DM8597 

Vcc = 4.5V 
Vcc = 4.75V 

Logical "0" Input Voltage 

DM7597 

DM8597 

Vcc = 4.5V 
Vcc = 4.75V 

Logical "1" Output Voltage 

DM7597 

Vcc = 4.5V 


DM8597 

Vcc = 4.75V 

Logical "0" Output Voltage 

DM7597 

DM8597 

Vcc = 4.5V 
Vcc = 4.75V 

Third Output CurrGnt 

DM7597 

Vcc = 5.5V 


DM8597 

Vcc = 5.25V 

Logical "1" Input Current 

DM7597 

DM8597 

Vcc = 5.5V 
Vcc = 5.25V 


DM7597 

, Vcc - 5.5V 

Logical "0" Input Current 

DM8597 

DM7597 

Vcc = 5.25V 
Vcc = 5.5V 


DM8597 

Vcc = 5.25 V 

Output Short Circuit Current 

DM7597 

Vcc = 5.5V 

(Note 3) 

DM8597 

Vcc 5.25V 

Supply Current 

DM7597 

Vcc = 5.5V 


DM8597 

Vcc = 5.25V 

Input Clamp Voltage 

DM7597 

DM8597 

Vcc = 4-5V 
Vcc = 4.75 V 

Propagation Delay to a Logical 

"0" from 

Vcc = 5.0V 


Address to Output, tpdo 

Propagation Delay to a Logical “V from 
Address to Output, tpdi 

Delay from Enable to High Impedance 
State (from Logical "1” Level), tin 

Delay from Enable to High Impedance 
State (from Logical "0” Level), ton 

Delay from Enable to Logical "1" Level 
(from High Impedance State), tm 

Delay from Enable to Logical "0" Level 
(from High Impedance State), tno 


CONDITIONS 


Iq = -2 mA 
In - -5.2 mA 


Vo = 2.4V 
Vo - 0.4V 


All Inputs at GND 





0.8 



V 

0.4 

V 

40 

ma 

-40 

ma 

40 

mA 

1.0 

mA 

-1.0 

mA 

-70 

mA 

110 

mA 


39 60 ns 

31 60 ns 

13 30 ns 

16 30 ns 

18 30 ns 

20 30 ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. Except for "Operating Temperature Range" they are not meant to imply that the 
devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions 
for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature 
range for the DM7597 and across the 0°C to 70°C range for the DM8597. All typicals are given for 
Vcc = 5.0V and Ta = 25°C. 

Note 3: Only one output at a time should be shorted. 
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DM7597/DM8597 





DM7597/DM8597 


ordering instructions 


Programming instructions for the DM7597 or 
DM8597 are solicited in the form of a sequenced 
deck of 32 standard 80-column data cards pro- 
viding the information requested under data card 
format, accompanied by a properly sequenced 
listing of these cards, and the supplementary 
ordering data. Upon receipt of these items, a com- 
puter run will be made from the deck of cards 
which will produce a complete truth table of the 
requested part. This truth table, showing output 
conditions for each of the 256 words' will be 
forwarded to the purchaser as verification of the 
input data as interpreted by the computer-auto- 
mated design (CAD) program. This single run also 
generates mask and test program data; therefore, 
verification of the truth table should be completed 
promptly. 

Each card in the data deck prepared by the pur- 
chaser Identifies the eight words specified and 
describes the conditions at the four outputs for 
each of the eight words. All addresses must have 
all outputs defined and columns designated as 
"blank" must not be punched. Cards should be 
punched according to the data card format shown. 


supplementary ordering data 

Submit the following information with the data 
cards: 

a) Customer's name and address 

b) Customer's purchase order number 

c) Customer's drawing number. 

data card format 

Column 

1- 3 Punch a right-justified integer representing 
the binary input address (000-248) for 
the first set of outputs described on the 
card . 

4 Punch a (Minus sign) 

5- 7 Punch a right-justified integer representing 
the binary input address (007-255) for 
the last set of outputs described on the 
card. 

8- 9 Blank 


10-13 Punch "H", "L", or "X" for bits four, 
three, two, and one (outputs Y4, Y3, Y2, 
and Y1 in that order) for the first set of 
outputs specified on the card. H = high- 
level output, L - low-level output, X = 
output irrelevant. 

14 Blank 

15-18 Punch "H", "L", or "X" for the second 
set of outputs. 

19 Blank 

20-23 Punch "H", "L", or "X" for the third set 
of outputs. 

24 Blank ‘ 

25-28 Punch "H", "L", or "X" for the fourth set 
of outputs. 

29 Blank 

30-33 Punch "H", "L", or "X" for the fifth set 
of outputs. 

34 Blank 

35-38 Punch "H", "L", or "X" for the sixth set 
of outputs. 

39 Blank 

40-43 Punch "H", "L", or "X" for the seventh 
set of outputs. 

44 Blank 

45-48 Punch "H", "L", or "X" for the eighth 
set of outputs. 

49 Blank 

50-51 Punch a right-justified Integer representing 
the current calendar day of the month. 

52 Blank 

53-55 Punch an alphabetic abbreviation repre- 
senting the current month. 

56 Blank 

57-58 Punch the last two digits of the current 
year. 

59 Blank 

60-61 Punch "DM" 

62-65 Punch 7597 or 8597 

66-70 Blank 

71 Punch 1, 2, or 3 for memory enable 
option desired (assumed 1 if not pun- 
ched). 
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National 

Semiconductor 


Bipolar ROMs 


DM7598/DM8598 TRI-STATE® 256-bit read only memory 


general description 

The DM7598/DM8598 Is a customer programmed 
256-bit read only memory, organized as 32 8-bit words. 
A 5-bit input code selects the appropriate word which 
then appears on the eight outputs. An enable input 
overrides the select inputs and blanks all outputs. 

Although the DM 7598/DM 8598 can have its outputs 
tied together for word-expansion, the outputs are not 
open-collector, but rather the familiar totem-pole output 
with the capability of being placed in a "third-state." 
This unique TRI -STATE concept allows outputs to be 
tied together and then connected to a common bus line. 
Normal TTL outputs cannot be connected due to the 
low-impedance logical "1" output current which one 
device would have to sink from the other. If, however, 
on all but one of the connected devices both the upper 
and lower output transistors are turned "OFF," then the 
one remaining device in the normal low impedance state 
will have to supply to or sink from the other devices 
only a small amount of leakage current. This is exactly 
what occurs on the DM7598/DM8598. 

A typical system connection demonstrating expansion to 
greater numbers of words is shown in Figure 1. While it 
is true that in a TTL system open-collector gates could 
be used to perform the logic function of these three- 
state elements, neither waveform integrity nor optimum 


speed would be achieved. The low output impedance of 
the DM7598/DM8598 provides good capacitance drive 
capability and rapid transition from the logical "0" to 
logical "1" level thus assuring both speed and waveform 
integrity. 

It is possible to connect as many as 128 DM8598s to a 
common bus line and still have adequate drive capability 
to allow fan-out from the bus. The example shown in 
Figure 2 indicates how this guarantee can be made under 
worst-case conditions. 

Figure 3 indicates how multiple packages can be used to 
increase word length. 


features 

■ Pin compatible with SN5488/SN7488 

■ Organized as 32 8-bit words 

■ Full internal decoding 

■ 26 ns typical access time 

■ 350 mW typical power dissipation 

■ Input clamp diodes 

■ Designed for bus-organized systems 


logic and connection diagrams 




sisinji 

SllSnl 

isbbsbI 


Oual-in-Line Package 


I 16 I 15 I 14 t 13 |n 


|, |. ,, |. 

n Y2 y3 Y4 vs Y6 V7 GNO 


I i(7) ^:6) ^(5) ^(41 4(3) 4(2) 4(1) 
V7 V6 Y5 Y4 Y3 V2 Y1 


Order Number DM7598J or DM8598J 
See Package 10 
Order Number DM8598N 
See Package 15 
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DM7598/DM8598 


absolute maximum ratings 

(Note 1) 

operating conditions 






MIN 

MAX 

UNITS 

Supply Voltage 

7V 

Supply Voltage, ^CC 




Input Voltage 

5.5V 

DM7598 

4.5 

5.5 

V 

Output Voltage 
Operating Temperature Range 

5.5V 

DM8598 

4.75 

5.25 

V 

DM7598 

55°Cto+125°C 

Temperature, T/\ 




DM8598 

0°C to +70° C 

DM7598 

-55 

+125 

°c 

Storage Terhperature Range — 65°C to +150°C 

DM8598 

0 

+70 

°c 

Lead Temperature (Soldering, 10 seconds) 

300° C 






electrical characteristics (Note 2) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

Ycc = Min 

2.0 



V 

V|L 

Logical "0" Input Voltage 

Vcc = Min 



0.8 

V 

VoH 

Logical "1" Output Voltage 

V Q Q “ IVl i n 

lo ="2 mA, DM7598 

2.4 



V 

lo = ”5.2 mA, DM8598 

2.4 



VoL 

Logical "0" Output Voltage 

Vcc “ Min, Iq = 12 mA 



0.4 

V 

Iqz 

TRI-STATE Output Current 

Vcc ~ Max 

Vo = 2.4V 



40 


Vq =0.4V 



■ -40 

•iH 

Logical "1" Input Current 

Vcc Max 

V,N =2.4V 



25 

luA 

V,n=5.5V 



1 

mA 

l|L 

Logical "0“ Input Current 

Vcc = Max, V,N = 0.4V 



-1.0 

mA 

•os 

Output Short Circuit Current 

Vcc = Max, Vo =0V, (Note 3) 

20 


-70 

mA 

•cc 

Supply Current 

Vcc “ Max, Inputs Grounded 


70 

99 

mA 

v,c 

Input Clamp Voltage 

^ cc ~ Min, l|N = ~12 mA 



-1.5 

V 


switching characteristics (Note 2 ) 


SYMBOL 

PARAMETER 

PARAMETER 

CONDITIONS 

TEST 

CONDITIONS 

DM7598 

DM8598 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

tpLH 

Propagation Delay Time, 
Low to High Level Output 

Access Time from 
Address 



23 

65 

1 


23 

50 

ns 

^PHL 

Propagation belay Time, 
High to Low Level Output 

Access Time from 
Address 

Cl = 50 pF, 
Rl =40012 


29 

65 


29 

50 

ns 

tzH 

Output Enable Time to 
High Level 

Access Times from 
Memory Enable 


16 

40 


16 

30 

ns 

i tzL 

Output Enable Time to 
Low Level 

Access Times from 
Memory Enable 



20 

40 


20 

30 

ns 

tHZ 

1 

Output Disable Time from 
High Level 

Disable Times from 
Memory Enable 

Cl = 5.0pF, 
Rl =40012 


10 

30 


10 

20 

ns 

tLZ 

Output Disable Time from 
Low Level 

Disable Times from 
Memory Enable 


22 

45 


22 

40 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the --55°C to +125°C temperature range for the DM7598 and across theO°C to 
+70°C range for the DM8598. All typicals are given for Vqq = 5.0V, and T/\ = 25° C. 

Note 3: Only one output at a time should be shorted. 
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DM7598/DM8598 


truth table/order blank 

A special pattern has been generated for the DM7598/DM8598. The AA pattern provides a sine table. The 5-bit input code linearly divides 
90° into 32 equal segments. Each 8-bit output is therefore the sine of the angle applied. 

EXAMPLE: Input 11010 means 26/32 of 90°, or about 73°. The corresponding output 1110100 indicates (1/2 + 1/4 1/8 + 1/16 + 

1/64) or about 0.95, which is close to the sine of 73°. Rounding-off has not been employed, since without rounding-off it is possible to 
extend the accuracy with additional ROMs. 



X - Don't Care 


The output levels are not shown on the truth table since the customer specif ies the output condition he desires at each of the eight outputs 
for each of the 32 words (256 bits). The customer does this by filling out the Truth Table on this data sheet, and sending it in with his 
purchase order. 



X = Don't Care 

Notice; This sheet must be completed and signed by an authorized representative of the customer's company before an 


order can be entered. 
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typical performance characteristics 


Delay from Enable to High 
Impedance State 


Delay from Address to Output 


Delay from Enable to Low 
Impedance State 


40 
35 
30 

1 25 

2 20 
o 15 

10 
5 
0 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ("C) 




-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (“0 


40 
35 
30 

1 25 

2 20 
Q 15 

10 
5 
0 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE TO 



ac test circuit and switching time waveforms 


Vcc 



BINARY 

SELECT 


OUTPUT 


3ov^, V /- 

¥i.5V ¥1.51 







Note: Input waveforms are supplied by pulse generators 
having the following characteristics: tn < 10 ns,ts < 10 ns. 
PRR^I.OMHzandZouT ^50J2. 


ordering instructions 

Programming instructions for the DM7598/DM8598 are 
solicited in the form of a sequenced deck of 32 standard 
80-column data cards providing the information 
requested under "data card format," accompanied by a 
properly sequenced listing of these cards, and the supple- 
mentary ordering data. Upon receipt of these items, a 
computer run will be made from the deck of cards 
which will produce a complete function table of the 
requested part. This function table, showing output 
conditions for each of the 32 words, will be forwarded 
to the purchaser as verification of the input data as 


interpreted by the computer-automated design (CAD) 
program. This single run also generates mask and test 
program data; therefore, verification of the function 
table should be completed promptly. 

Each card in the data deck prepared by the purchaser 
identifies the word specified and describes the levels at 
the eight outputs for that word. All addresses must 
have all outputs defined and columns designated as 
"blank" must not be punched. Cards should be punched 
according to the data card format shown. 
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ordering instructions (con't) 


SUPPLEMENTARY ORDERING DATA 

Submit the following information with the data cards: 

a) Customer's name and address 

b) Customer's purchase order number 

c) Customer's drawing number 

The following information will be furnished to the 
customer: 

a) National's part number 

b) National's sales order number 

c) Date received 

DATA CARD FORMAT 

Col. 1—2: Punch a right-justified integer representing 
the positive-logic binary input address (00—31) for the 
word described on the card. 

Col. 3-4: Blank 

Col. 5: Punch "H" or "L" for output Y8. H = high- 
voltage level output, L = low-voltage level output. 

Col. 6—9: Blank 

Col. 10: Punch "H" or "L" for output Y7. 

Col. 11-14; Blank 

Col, 15: Punch "H" or "L" for output Y6, 

Col. 16-19: Blank 

Col. 20: Punch "H" or "L" for output Y5. 

Col. 21-24: Blank 

Col. 25: Punch "H" or "L" for output Y4. 


Col. 26-29: Blank 

Col. 30: Punch "H" or "L" for output Y3. 

Col. 31-34: Blank 

Col. 35: Punch "H" or "L" for output Y2. 

Col. 36-39: Blank 

Col. 40: Punch "H" or "L" for output Yl. 

Col. 41-49: Blank 

Col. 50—51: Punch a right-justified integer representing 
the current calendar day of the month. 

Col. 52: Blank 

Col. 53—55: Punch an alphabetic abbreviation repre- 
senting the current month. 

Col. 56; Blank 

Col. 57—58; Punch the last two digits of the current 
year. 

Col. 59; Blank 

Col. 60— 61: Punch "DM," 

Col. 62-66: Punch "7598" or "8598." 

Col. 67-68: Blank 

Col. 69—80: These columns may be used for any cus- 
tomer information or identification. 
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DM8678 bipolar character generator 
general description 

The DM8678 is a 64-character bipolar character generator 
with serial output designed primarily for the CRT dis- 
play marketplace, and packaged in a standard 16-pin DIP. 
The DM8678 incorporates several CRT system level 
functions, as well as a 7 x 9 or 5 x 7 row scan character 
font. The DM8678 performs the system functions of 
parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
subtractor. 

The cl ear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 


DM8678BWF 

DM8678CAE 

DM8678CAB 

DM8678CAH 

DM8678CAD 

DM8678BTK 

DM8678CAS 


ROW SCAN 
X 
X 
X 
X 
X 
X 

^ _ 


the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

features 

■ 64-character— row scan 

■ 5 X 7 or 7 X 9 font 

■ Shifted lower case descending characters 

■ Serial output 

■ 16-pin package 

■ 20 MHz clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ TRI-STATE® output 

""ToNT I PACKAGE I 


Upper Case Block Letters 

N, J 

Shifted Lower Case Block 

N, J 

Upper Case Block Letters 

N, J 

Shifted Lower Case Block 

N,J 

Kata Kana 

N,J 

Upper Case Script Letters 

N, J 

IBM 3741 Selectric 

N, J 


block diagram 



connection diagram 

Dual-ln-Line Package 



logic symbol 
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absolute maximum ratings (Notei) 

operating conditions 









MIN MAX UNITS 

Supply Voltage -0.5V to +7V Supply Voltage (Vq^) 

4.75 5.25 V 

Input Voltage 

-1 .5V to +5.5V Ambient Temperature (Ta) 

0 

-J-70 °C 

1 Output Voltage I?;!'' ^ Logical “0" Input Voltage (Low) 0 

0.8 V 

UadTemperatu“r7(Sold^^^ “ 300°C Logical "I" Input Voltage (High) 2.0 5.5 V 

dc electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|L 

Input Load Current, All Inputs 

VCC Max, V|M = 0.45V 


-0.8 

-1.6 

mA 

l|H 

Input Leakage Current, All Inputs 

Vqc = Max, V|[\| - 2.4V 



40 

fiA 

«l 

Input Leakage Current, All Inputs 

Vcc ~ Max, Vijsi = 5.5V 



1 

mA 

VOL 

Low Level Output Voltage 

Vcc “ Min, Iql ~ mA 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 

Vcc ~ Min 



0.80 

V 

V|H 

High Level Input Voltage 

Vcc Min 

2.0 



V 

Vc 

Input Clamp Voltage 

Vcc “ Min, l||\j = “12 mA 


-0.8 

-1.5 

V 

C|N 

Input Capacitance 

Vcc = 5V, V||M = 2V, Ta = 25° C, 


4.0 


pF 




1 MHz 





Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 


6.0 


pF 




1 MHz, Output "OFF" 





•cc 

Power Supply Current 

Vcc ' Max, All Inputs Grounded, 


115 

145 

mA 




All Outputs Open 





TRI-STATE PARAMETERS 

'sc 

Output Short-Circuit Current 

Vo = OV, Vcc ~ Max 

-15 


-50 

mA 

IHZ 

Output Leakage 

Vcc = Max, Vo = 0.45 to 2.4V, 



±40 

/iA 




Chip Disabled 





vqh 

Output Voltage High 

lOH = ~2 imA 

2.4 

3.2 


V 

ac electrical characteristics (With standardload) (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 



Access Time 







Too 


Dot Clock to Output 




35 

55 

ns 

Tea 


Output Enable 




20 

45 

ns 

Ter 


Output Disable 




20 

45 

ns 



Set-Up Time 







Tsi 


Load to Dot Clock 



40 

25 


ns 

Ts2 


Address to Load 



350 

200 


ns 

Ts3 


Clear to Load 


See Switching Time Waveforms 

350 



ns 

TS4 


Control to Line Clock 



40 



ns 

TS5 


Line Clock to Load 



950 



ns 

Ts6 


Address to Address Latch 



40 



ns 



Hold Time 







Thi 


Load from Dot Clock 



0 



ns 

Th2 


Address from Load 



0 



ns 

TH3 


Control from Line Clock 



100 



ns 

TH4 


Address from Address Latch 



40 



ns 
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ac electrical characteristics (Continued) (With standard load) (Note 2) 


PARAMETER 


Minimum Pulse Width 
Twi Line Clock 

T\I\I2 Clear 

Tw3 Dot Clock 

T\j\I 4 Load 

TwB Address Latch 

^MAX Maximum Clock Frequency 


CONDITIONS 


min typ max units 


See Svyitching Time Waveforms 30 

60 


40 

16 20 


Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These I imits apply over the entire operating range unless stated otherwise. All typical values are for Vqc “ 5V and T/\ = 25°C. 

standard test load 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR =1 MHz, 
ZOUT = 50 12, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

TdO is measured with output enable at a steady low 
level. 


switching time waveforms 


3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CONTROL 


CLOCK CONTROL 


LOAD ENABLE 


OUTPUT ENABLE 
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truth tables 


a) Address Latch b) Output 


OUTPUT 

ENABLE 

STATE OF 
THE OUTPUT 

1 

0 

Output Hi-Z 
Data Out 


ADDRESS LATCH 
CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 
Fall Through 


c) 4-Bit Line Counter 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

■_f- 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 
resets counter 

L 

X 

H 

Clock inhibited 

H 


H 

No change on high-to- 
low clock edge 


X = Don't care 


definitions 

Al— A6: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables “ line clock when high and 
disables line clock when low. 


functional description 

To select a character, a 6-bit binary word must be 
present at the address inputs Al— A6 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 ns) after the character is addressed. 
Data, representing one horizontal line of the addressed 
charac ter, is available at the output when the load 
enable input is brought low. As shown in Figure 7, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 


Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 


Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TRI-STATE output buffer. 


pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained In 
application note AN-167 available from National. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown In 
Figure 4. 

A chip select Input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. 
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functional description (Continued) 

Character Cycle — ROM data corresponding to one 
line of characters is loaded into the shift register T$2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 


Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 


LINE 

CLOCK 



CHARACTER 

ADDRESS 

INPUT 


X 



LOAD 


w 





Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 

FIGURE 1. Character Cycle 
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CHARACTER 

ADDRESS* 


ADDRESS LATCH 
CONTROL* 


(16 MHz DOT RATE) f 


•Shown here for operation with dynamic memory. ^For static memory operation the address latch control would be tie d high and the character 
addresses would be stable between each address change occurring 350 ns before the high-to-low transition of Load enable. 


FIGURE 4. Typical System Timing Waveform 


8Z98Wa 






DM8678 
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functional description (Continued) 




FIGURE 8. DM8678CAH 
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functional description (Continued) 


LINE 1 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

2 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

3 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

4 

□□□ggnn 

□□□□□□□ 

□□□□□□□ 

5 


□□□□■■□ 


6 


□□□□□■□ 

■■□□□■a 

7 

■□□□□■□ 


■□□□□■□ 

8 

■□□□■■a 

□□□□□■□ 


9 


□□□□□■□ 


10 


□□□□□■□ 


11 


□□□□□■□ 

■□□□□□□ 

12 

■□□□□■□ 


■□□□□□□ 

13 



■□□□□□a 

LINE 1 

□□□□□□□ 

□□□□□□□ 


2 

□□□aa:na 

□□□□□□□ 


3 

□□□□ODD 

□□□□□□□ 


4 




5 


■□□□□■□ 


6 


■□□□□■□ 


7 


■□□□□■□ 


8 




9 




10 

□□□□□■□ 

□□□□Qbq 


11 


□□□□□■□ 


12 

□□□□□■□ 

■□□□□■□ 


13 

□□□□□■□ 




FIGURE 12. Shifted Characters for CAE 


LINE 1 

□ □□□□ 

□ □□□□ 

□ □□□□ 

2 

□ □□□□ 

□ □□□□ 

□ □□□□ 

3 


□ □□■□ 

□ ■■■■ 

4 

■ □□□■ 

□ □□□□ 


5 


□ □□■□ 

■ □□□■ 

6 

■ □□□■ 


■ □□□■ 


□ ■■■■ 

□ □□■□ 



8 □□□□■ “DDDDB 


9 



LINE 1 

□ □□□□ 

□ □□□□ 

2 

□ □□□□ 

□ □□□D 

3 

■ ■■■□ 


4 

■ □□□■ 

■ □□□■ 

5 


■ □□□■ 

6 

■ □□□■ 

■ □□□■ 

._L_ 

■ ■■■□ 


"~8 


□ □□□■ 

9 




FIGURE 13. Shifted Characters for CAM 


ordering information (For special character font for device DM8678). 


CUSTOMER CARD INPUT FORMAT 
Column 1—3 

2-digit character address, from 0—63 preceded by 
a letter "C". 

Column 4 

Blank 

Columns— 6 

1 -digit line address, from 0—8, preceded by a let- 
ter "L". 

Column 7 
Blank 

Columns— 14 

Row data which represents one horizontal row of 
dots at the specified line address and character 
address, with first dot at Column 8 and seventh dot 
at Column 14. Character for TTL high level is 1, 
for low level is 0. 

Column 15 

Blank 

Column 16 

Tag bit— 0 for normal character and 1 for shifted 
character only. 


Column 17 

Blank 

Column 18 

Row SUM— Total number of "1's" presents in row 
data and tag bit expressed in decimal. 


"TB" CARD FORMAT (total of eight cards) 

Immediately following the data cards, there should be 
"TB" cards to indicate the column sum. 

Column 1—2 

The character "TB". 

Column 3 

1 -digit corresponding to Dot number. Use number 8 
for tag bit. 

Column 4 

Blank 

Column 5—7 

Column SUM— Total number of "I's" in column 
expressed in decimal. 
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DM76L97/DM86L97 TRI-STATE®low power 
1024-bit read only memory 


general description 

The DM76L97/DM86L97 is a custom-programmed 
Read Only Memory organized as 256 four-bit 
words. Selection of the proper word is accomp- 
lished through the eight select inputs. 

Two overriding memory enable Inputs are provided 
which when mask-programmed in one of the 
three options described will cause all four outputs 
to read either the normal memory contents or 
go to the high Impedance state. 


features 

■ Full tenth-power technology 

■ Pin compatible with SN54187/SN74187 

■ Typical power dissipation 75 ^ 

■ Typical access time 70 

■ Custom-programmed memory enable Inputs 

■ TRI-STATE outputs 


logic and connection diagrams 



Duai-ln-Line and Flat Package 



Order Number DM76L97J 
or DM86 L97J 
See Package 10 
Order Number DM76L97N 
or DM86t97N 
See Package 1 5 
Order Number DM76L97W 
or DM86 L97W 
See Package 28 


0 A B C GNO 
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absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7.0V Supply Voltage (V^c) 



Input Voltage 

5.5V DM76L97 

4.5 

5.5 

V 

Output Voltage 

5.5V DM86L97 

4.75 

5.25 

V 

Storage Temperature Range -65 C to -H50 C Temperature (Ta) 




Lead Temperature (Soldering, 10 seconds) 

^ DM76L97 

-55 

+125 

°c 


DM86 L97 

0 

+70 

°c 

electrical characteristics (Note 2) 





PARAMETER ' 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "V' Input Voltage 

Vcc=Min 

2.0 



V 

Logical "0" Input Voltage 

Vcc=Min 



0.7 

V 

Logical "1" Output Voltage 

Vcc ” *o “ “TO mA 

2.4 



V 

Logical "0” Output Voltage 






DM76L97 

Vcc = Miti. Iq “ 2.0 mA 



0.3 

V 

DM86L97 

Vcc =Min, lo =3.2 mA 



0.4 

V 

Third State Output Current 






DM76L97 

Vcc = Max, Vo = 2.4V 



±40 


DM86L97 

Vcc = Max, Vo = 0.4V 



±40 

mA 

Logical "1" Input Current 

Vcc = Max, V,N= 2.4V 



10 

fxA 


Vcc = Max. V,N = 5.5V 



100 

)UA 

Logicar'O” Input Current 

Vcc “ Max, V|N = 0.3V 



-180 

mA 

Output Short Circuit Current (Note 3) 

Vcc = Max, Vo =0V 

-6.0 


-30 

mA 

Supply Current 

Vcc “ Max, All Inputs at GND 


15 

20 

mA 

Third State Output Current 

Vcc “ Max, VouT " 2.4V 



+40 

ma 


Vcc “ Max, VouT ~ 0.4V 



-40 

/uA 

Input Clamp Voltage 

Vcc “ Min, l|N = -12 mA 



-1.5 

V 

Propagation Delay to a Logical "0" 

Vcc = 5,0V. Cl =50 pF 


55 

85 

ns 

From Address to Output (tp^o) 

Ta= 25*^0 





Propagation Delay to a Logical "1" 

Vcc = 5.0V, Cl = 50 pF 


86 

130 

ns 

From Address to Output (tp^ i ) 

Ta = 25°C 





Delay From Enable to High Impedance 

Vcc = 5.0V, Cl = 5.0 pF 


15 

23 

ns 

State (From Logical "1” Level) (t^H) 

Ta = 25°C 





Delay From Enable to High impedance 

Vcc = 5.0V, Cl = 5.0 pF 


57 

86 

ns 

State (From Logical “0” Level) (ton) 

Ta = 25'^C 





Delay From Enable to Logical "1" Level 

Vcc = 5.0V, Cl = 50 pF 


34 

51 

ns 

(From High Impedance State) 

Ta = 25°C 





Delay From Enable to Logical "0” Level 

Vcc = 5.0V, Cl = 50 pF 


47 

70 

ns 

(From High Impedance State) (Iho) 

Ta = 25°C 





Note 1: "Absolute Maximum Ratings" are 

those values beyond which the safe 

ty of the d( 

jvice cannot 1 

be guaranteed. Except 

for Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125° C temperature range for the DM76L97 

and across the 0 C to +70 C range for the DM86L97. All typicals are given for Vqq = 5.0V and T/\ 

= 25°C. 


Note 3: Only one output at a time should be shorted. 
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ordering instructions 

Programming instructions for the DM76L97 or 
DM86L97 are solicited in the form of a sequenced 
deck of 32 standard 80-column data cards pro- 
viding the information requested under data card 
format, accompanied by a properly sequenced 
listing of these cards, and the supplementary 
ordering data. Upon receipt of these items, a com- 
puter run will be made from the deck of cards 
which will produce a complete truth table of the 
requested part. This truth table, showing output 
conditions for each of the 256 words, will be 
forwarded to the purchaser as verification of the 
input data as interpreted by the computer-auto- 
mated design (CAD) program. This single run also 
generates mask and test program data; therefore, 
verification of the truth table should be completed 
promptly. 

Each card in the data deck prepared by the pur- 
chaser identifies the eight words specified and 
describes the conditions at the four outputs for 
each of the eight words. All addresses must have 
ail outputs defined and columns designated as 
“blank" must not be punched. Cards should be 
punched according to the data card format shown. 

supplementary ordering data 

Submit the following information with the data 
cards: 

a) Customer's name and address 

b) Customer's purchase order number 

c) Customer's drawing number. 

data card format 

Column 

1 - 3 Punch a right-justified integer representing 
the binary input address (000-248) for 
the first set of outputs described on the 
card. 

4 Punch a " (Minus sign) 

. 5- 7 Punch a right-justified integer representing 
the binary input address (007-255) for 
the last set of outputs described oh the 
card. 

8- 9 Blank 


10-13 Punch "H", "L", or "X" for bits four, 
three, two, and one (outputs Y4, Y3, Y2, 
and Y1 in that order) for the first set of 
outputs specified on the card. H = high- 
level output, L = low-level output, X = 
output irrelevant. 

14 Blank 

15-18 Punch "H", "L", or "X" for the second 
set of outputs. 

19 Blank 

20-23 Punch "H", “L”, or "X" for the third set 
of outputs. 

24 Blank 

25-28 Punch "H", "L", or "X" for the fourth set 
of outputs. 

29 Blank 

30-33 Punch “H", "L", or "X" for the fifth set 
of outputs. 

34 Blank 

35-38 Punch "H", "L", or "X" for the sixth set 
of outputs. 

39 Blank 

40-43 Punch "H", "L", or “X" for the seventh 
set of outputs. 

44 Blank 

45-48 Punch "H", "L", or "X" for the eighth 
set of outputs. 

49 Blank 

50-51 Punch a right-justified integer representing 
the current calendar day of the month. 

52 Blank 

53-55 Punch an alphabetic abbreviation repre- 
senting the current month. 

56 Blank 

57-58 Punch the last two digits of the current 
year. 

59 Blank 

60-61 Punch “DM" 

62-67 Punch the National Semiconductor part 

number DM76L97 or DM86L97. 

68-70 Blank 


truth table 


OPTION 

MEi 

ME2 

OUTPUTS 

1 

0 

0 

Normal 


1 

X 

High Impedance 


X 

1 

High Impedance 

2 

1 

1 

Norrnal 


0 

X 

High Impedance 


X 

0 

High Impedance 

3 ■ 

t 

0 

Normal 


X 

1 

High Impedance 


0 

X 

High Impedance 


X = Don't care 
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DIVI76L97/DM86L97 



DM77S201/DM87S201, DM77S202/DM87S202 


2 


National 


wSm Semiconductor 


Bipolar ROMs 


DM77S201/DM87S201 open-collector 2048-bit ROM with latches 
DM77S202/DM87S202 TR I -STATE® 2048 -bit ROM with latches 


general description 


features 


These Schottky ROM memories are organized in the 
popular 256 words by 8 bits configuration. A memory 
enable Input Is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. An output 
latch control is provided. If the latch control pin is high, 
the data falls through to the output enable gate. If the 
latch control pin Is low, the data is latched and the 
address may be changed without affecting the output 
data. 


■ Schottky-clamped for high speed 

Address access— 60 ns max 
Enable access— 30 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Open-collector or TRI-STATE® outputs 

■ High density 20-pin package 

■ PROM mates are DM87S221 and DM87S222 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87S201 


X 

X 


N, J 

DM87S202 


X 


X 

N, J 

DM77S201 

X 


X 


J 

DM77S202 

X 



X 

J 


block diagram connection diagram 

Dual-ln-Line Package 
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absolute maximum ratings (Notei) 


Supply Voltage 

Input Voltage 

Output Voltage 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


-0.5V to +7V 
-1 ,2V to +5.5V 
-0.5V to +5.5V 
-65° C to +150° C 
300° C 


operating conditions 

Supply Volta^(Vcc) 


DM77S201, DM77S202 
DM87S201, DM87S202 

Ambient Temperature (T/\) 
DM77S201 , DM77S202 
DM87S201, DM87S202 

Logical "0“ Input Voltage (Low) 
Logical “I” Input Voltage (High) 


MIN MAX UNITS 

4.5 5.5 V 

4.75 5.25 V 

-55 +125 °C 

0 +70 °C 

0 0.8 V 

2.0 5.5 V 


dc electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

DM77S201, 77S202 

DM87S201, 87S202 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

l|L 

Input Load Current, All Inputs 

Vcc = = 0.45V 


-80 

-250 


-80 

-250 

^A 

l|H 

Input Leakage Current, All Inputs 

Vcc = Max, V|N = 2.7V 



25 



25 

juA 

l| 

Input Leakage Current, All Inputs 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

Vql 

Low Level Output Voltage 

Vcc “ Min, Iql ~ 16 mA 


0.35 

0.45 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

ICEX 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, VcEX 2.4V 



50 



50 

juA 

Vcc = Max, VcEX = 5.5V 



100 



100 

juA 

vc 

Input Clamp Voltage 

Vcc = Min, l|i\i = -18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc = 5V, ViN = 2V, TA = 25°C, 
1 MHz 


4.0 



4.0 


pF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF” 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc “ Max, All Inputs Grounded, 
All Outputs Open 


120 

150 


120 

150 

mA 


TRI-STATE PARAMETERS 




ac electrical characteristics (With standard load) 


PARAMETER 

CONDITIONS 

DM77S201, 77S202 
5V ±10%;-55°Cto+125'C 

DM87S201, 87S202 
5V ±5%;0°Cto +70°C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

tAA 

Address Access Time 



38 

75 


38 

60 

ns 

tEA 

Enable Access Time 



18 

40 


18 

30 

ns 

tER 

Enable Recovery Time 



18 

40 


18 

30 

ns 

tLO 

Latch To Output 



14 

30 


14 

20 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc 5V and T/^ = 25°C. 

Note 3: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77S201/DM87S201, DM77S202/DM87S202 










National 

Semiconductor 


Shift Registers 


MM1402A, MM1403A, MM1404A; MM5024A 
1024-bit dynamic shift registers 


general description 

The MM1402A,MM1403A,MMr4Q4A,MM5024A 
1024-bit dynamic shift registers are MOS mono- 
lithic integrated circuits using silicon gate tech- 
nology to achieve bipolar compatibility. 5 MHz 
data rates are achieved by on-chip multiplexing. 
The clock rate is one-half the data rate; i.e., 
one data bit is entered for each 0, and 02 clock 
pulse. 

All devices in the family can operate from +5V, 
-5V, or +5V, -9V power supplies. 


features 

■ Guaranteed 5 MHz operation 

■ Low power dissipation .1 mW/bit at TMHz 

■ DTL/TTL compatible 

■ Low clock capacitance 125 pF 

■ Low clock leakage ^ 1 MA 

■ Inputs protected against static charge 

■ Operation from +5V, -5V of +5V, -9V power 
supplies 


Seven standard configurations 


MM1402AD 

MM1402AN 

MM1403AH 

MM1403AN 

MM14G4AH 

MMT404AN 

MM5024AH 


Quad 256-bit 
Quad 256-bit 
Dual 5T2-bit 
Dual 512-bit 
Single 1024-bit 
Single lb24-bit 
Single 1024-bit with 
internal pull-down resistor 


applications 


Radar and sonar processors 
CRT displays 
Terminals 

Desk top calculators 
Disk and drum replacement 
Computer peripherals 
Buffer memory 

Special purpose computers— signal processors, 
digital filtering and correlators, receivers, spec- 
tral compressors and digital differential analyzers 
Telephone equipment 
Medical equipment 


connection diagrams 


Metal Can Package 



Metal Can Package 



Metal Can Package 



Order Number MM1403AH 
See Package 23 


Dual-1 n-Line Package 



Order Number MM 1404AH 
See Package 23 


Dual-1 n-Line Package 



Order Number MM5024AH 
See Package 23 


Dual-1 n-Line Package 



Order Number MM1402AD 
See Package 3 
Order Number MM1402AN 
See Package 15 


Order Number MM1403AN 
See Package 12 


Order Number MM1404AN 
See Package 12 
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MM1402 A, MM1403A M M1404A, MM 5024A 



MM1402A, MM1403A. MM1404A, MM5024A 


absolute maximum ratings 

Data and Clock Input Voltages and Supply 
Voltages with Respect to Vss 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


+0.3V to -20V 
600 mW at T^ = 25“C 
0''C to +70°C 
-65°C to +160°C 
300°C 


electrical characteristics 

Ta = “25°C to +70°C, Vss = 5V ±5%, Vqd = -5V ±5% or -9V ±5%, unless otherwise specified. 


Data Input Levels 

Logical Low Level (Vn_) 
Logical High Level (V,h) 

Data Input Leakage Current 

Input Capacitance 

Clock Input Levels 

Logical Low Level (V^l) 
Logical High Level (V^h) 
Logical Low Level (V^l) 
Logical High Level (V^h) 

Clock Leakage Current 

Clock Capacitan<» 

Data Output Levels 

Logical Low Level (Vql) 
Logical High Level (Vqh) 
Logical Low Level (Vql) 
Logical High Level (Vqh) 
Logical High Level (Vqh) 
Logical High Level (Vqh) 

Power Supply Current (Idd) 


V,N « -15V, Ta = 25* C, All Other Pins GND 

V,N = Vss 

Vdd = -5V±5% 


Vss - 10.0 
Vss- 1.7 


Vss -17 
Vss - 1 
Vss -14.7 
Vss-1 


Data Output Leakage Current 

Internal Resistor (MM5024A) 
Output Capacitance 


Rli = 3k to Vdd, Iol = 1-6 mA. Vdd = "5V ± 5% 

Rui - 3k to Vqq, Iqh = 100 pA 

Rli = 4.7k to Vop. Iql = 1-6 mA, Voo == ~9V ± 5% 

Rli — 4.7k to Vqq, Iqh — 100 /lA 

Rl 2 = 4.7k to Vdd, Vdo ^ -5V ± 5% 

Rl 2 = 6.2k to Vdd. Vdd = -9V ± 5% 

Rl 3 — 3.9k to Vss 

Ta 25°C, Vdd = -5V ± 5% 

Output Logic "0", 5 MHz 
Data Rate, 33% Duty Cycle, 

Continuous Operation , V<^l = Vss — 1 7V 
Ta =0°C 

Ta = 25*C, Vdd = ~9V ± 5% 

Output at Logic "0". 3 MHz 
Data Rate, 26% Duty Cycle, 

Continuous Operation, V 0 l = Vss - 14.7V 
Ta=0°C 

VouT = O.OV, Ta = 25*C, V^i = V^a = Vss - 10V, 
All Other Pins +5V 

Ta = 25°C 

VouT = Vss,f= 1 MHz 


ac characteristics 



-0°C to +70°C, Vss = 5V ±5% 


Vdd = -5V ± 5% 


Clock Frequency (0f) 

Data Frequency 
Clock Pulse Width (0pw) 

Clock Phase Delay Times (0^. 0<j) 
Clock Transition Times (0tr, 0tf) 
Data Input Delay Time {t^s) 

Data Input Hold Time (t^H) 

Data Output Propagation Delay 


Note 1: Minimum clock frequency is a function of temperature and clock phase delay times, and 0^ as shown by the0f 
versus temperature and 0(j, 0(j versus temperature curves. The lowest guaranteed clock frequency can be attained by making 
0<j equal to 0jj. The minimum guaranteed clock frequency is; 

0f(min) ^ l/(0d + 0d) for the condition (0tr = 0tf « 0pw « 0d or ^d^* where the variables rnay not exceed the guaranteed 
maximurhs. 


MIN 

MAX 

MIN 

Note 1 

2.5 

5.0 

Note 1 

0.130 

10 

0.170 

10 

Note 1 
1000 

10 

30 


60 

20 

90 

20 



Note 2: Capacitance is guaranteed by periodic testing. 



















typical application 

DTL/TTL to MOS Interface 



:u u: 


*A 4.7 k^> reiistors is included on the chip in the MM5024A 
and is connected between Pin 6 and Voq. 


performance curves 


R|_ Load Resistor Value 
for Different Vqq Supplies 



> 

If) 

> 

Vss=5V 


VoD = -5V 

Vdo = -9V 

Rli 

3.0k 

4.7k 

Rl2 

4.7k 

6.8k 

Rl3 

Not required 

Not required 


Guaranteed Maximum Data 
Phase Delay Times vs 



switching time waveforms 


BIT TIMES BIT 1 


BIT2 BITS BIT4 


Guaranteed Minimum Data 
Frequency vs Temperature 
(Note 1) 



I 

I 


1 1 




1 I 

•“T^Ln 

1 1 

r— m— L^“i 

LM 

1 — m — LTi — Lr 

I I i 

"1" 

1 in data IN 1 

DATA IN If 2 

1 DATA IN 1 DATA IN I I I ^ 


i 

1 

1 1 : 

DATA OUT I 1 

1 -Q.. 1 I 1 1 

, , DATA OUT DATA OUT I DATA OUT 

1 2 3 

1 1 1 1 -'ll" 1 "0" 1 

DATA OUT 
4 



Shown is a simplified illustration of the timing of a 4-bit multiplexed register showing 
input output relationships with respect to the clock. If data enters the register at 
time, it exists at 0, time. (Beginning on negative going edge and ending on the 
succeeding 02 s negative going edge.) 





MM1402A, MM1403A MM1404A, MIVI5024A 



NHMH02A, MM1403A MM1404A, MM5024A 
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National 

Semiconductor 


Shift Registers 


MM4016/MM5016 512-bit dynamic shift register 


general description 

The MM4016/MM5016 512-bit dynamic shift reg- 
ister is a monolithic MOS integrated circuit utiliz- 
ing P channel enhancement rnode low threshold 
technology to achieve bipolar compatibility. An 
input tap provides the option of using the device 
as either a 500 or 512-bit register. 

features 

■ Bipolar compatibility +5V, -12V operation 

No pull-up or pull-down 
resistors required. 

■ Package option TO-100 or choice of two 

Dual-In-Line Packages 

■ Fewer clock drivers required Clock line 

capacitance of 
100 pF typ 

■ System flexibility 300 Hz guaranteed min. 

operating frequency at 25°C. 
500 or 512-bit register length. 


Military and Commercial Temperature Ranges 
MM4016 -55°Cto+125''C 

MM5016 O^'Cto-^yO^C 


<0.17 mW/bit 
at 1 MHz max. 

< 30 /iW/bit 
at 100 kHz typ. 


Low power dissipation 


applications 


Glass and magnetostrictive delay line replace- 


CRT refresh memory. 

Radar delay line. 

Drum memory storage (silicon store) 
Long serial memory. 


connection diagrams 

Metal Can Package 



Note: Pin 5 connected to case. 

TOP VIEW 

Order Number MM4016H 
orMM5016H 
See Package 24 


typical application 


Dual-tn-Line Package 



Order Number MM4016D 
orMM5016D 
See Package 3 


TTL/MOS Interface 


Dual-in-Line Package 



Order Number MM5016N 
See Package 1 2 



Note; The unused input pin must be connected to Vgs. 
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MM4016/MM5016 



MM4016/MM5016 


absolute maximum ratings 

Voltage at Any Pin Vss + 0.3V to Vss -22V 

Operating Temperature Range MM4016 -55°C to -»-125°C 

MM5016 0°Cto-H70°C 

Storage Temperature Range -65°C to -*-150 C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics 

Ta within operating temperature range, Vss = +5.0V ±5%, Vqg “ -12.0V ±10%, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data Input Levels 






Logical HIGH Level (V|h) 


< 

to 

b 


Vss + 0.3 

V 

Logical LOW Level (V|l) 


Vss - 18.5 


Vss - 4.2 

V 

Data Input Leakage 

V,N = - 20V, Ta = 25°C, 


0.01 

0.5 

A/A 


All Other Pins GND 





Data Input Capacitance 

V,N = O.OV, f = 1 MHz, 






All Other Pins GND, (Note 2) 


3.0 

5.0 

PF 

Clock Input Levels 






Logical HIGH Level (V0 h) 


Vss - 1.5 


Vss + 0.3 

V 

Logical LOW Level (V,^l) 


Vss - 18.5 


Vss -14.5 

V 

Clock Input Leakage 

V0 = -20V, Ta = 25°C, 


0.05 

1.0 

juA 


All Other Pins GND 





Clock Input Capacitance 

V0 = O.OV, f = 1 MHz, 


100 

120 

pF 


All Other Pins GND, (Note 2) 





Data Output Levels 






Logical HIGH Level (Vqh) 

^SOURCE ” -0.5 mA 

2.4 


Vss 

V 

Logical LOW Level (Vql) 

•sink = T6 mA 



0.4 

V 

Power Supply Current 






•gg 

Ta = 25°C, Vgg = -12V, 






0PW = 1 50 ns 






Vss = 5.0V, V0 l = -12V, 






Data = 0-1 -0-1 






0.01 MHz<0f<O.1 MHz 


1.0 

2.0 

mA 


0f = 1 MHz 


3.5 

5.0 

mA 

' 

0f=2.5MHz 


7.0 

10.0 

mA 

Clock Frequency (0f) 

0tr = 0tf = 20 ns, (Note 1 ) 

0.01 

3.3 

2.5 

MHz 

Clock Pulsewidth (0pw) 

0tf = 0PW + 0tr < 10.5 A/s 

0.15 


10 

/.ts 

Clock Phase Delay Times (0^, 0d) 

(Notel) 

10 



ns 

Clock Transition Times (0tr, 0tf) 

0tf + 0PW 0tf ^ 1 0.5 A/S 



1 

JUS 

Partial Bit Times (T) 

(Note 1) 





Input Partial Bit Time (T|n) 


0.20 


too 

JUS 

Output Partial Bit Time (Tqut) 


0.20 


100 

JUS 

Data Input Setup Time (t^s) 


80 

30 


ns 

Data 1 nput Hold Time (tdh) 


20 

0 


ns 

Data Output Propagation Delay 

See ac test circuit. 





from 0OUT 






Delay to HIGH Level (tpdn) 



150 

200 

ns 

Delay to LOW Level (tpdL) 



150 

200 

ns 

Note 1: Minimum clock frequency is a function of temperature and partial bit times (T||\j and Tqut) 3^ shown by the 0f 
versus temperature and T||nj, TquT versus temperature curves. The lowest guaranteed clock frequency for any temperature 
can be attained by making T||\| equal to TouT- The minimum guaranteed clock frequency is: 

0f(min) ^ ' where T||\| and TquT do not exceed the guaranteed maximums. 

Tin + Tout 

Note 2: Capacitance is guaranteed by periodic testing. 
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IggIdA) minimum CLOCK frequency, ^(Hz> 



MM4016/MM5016 





MM4025/MM5025, MM4026/MM5026, MM4027/MM5027 



National 

Semiconductor 


Shift Registers 


MM4025/MM5025 dual 1024-bit dynamic shift register 
MM4026/MM5026 dual 1024-bit dynamic shift register 
MM4027/MM5027 2048-bit dynamic shift register 


general description 

These 2048-bit dynamic shift registers are MOS 
monolithic integrated circuits using P-channel sili- 
con gate technology. They employ a push-pull 
output for bipolar compatability and on-chip 
multiplexing to achieve a 6 MHz data rate. The 
clock rate is one-half the data rate, i.e., one data 
bit is entered for each 0-| and 02 clock pulse. 

The MM4025/MM5025 and MM4027/MM5027 
have on-chip logic to load and recirculate data. 

The MM4026/MM5026 has an individual logic- 
select line to load one of the two inputs on each 
of the 1024-bit registers. 

features 

■ Bipolar compatibility Standard +5V, -12V 

power supplies 

■ High frequency of operation 6 MHz 

guaranteed 


■ Low power dissipation 120MW/bit 

at 1 MHz 0 rate 0*^C, guaranteed 

■ Low clock capacitance 190 pF max 

■ Wide operating temperature range 

MM4025,MM4026,MM4027 -55°C to -M25‘'C 
MM5025,MM5026,MM5027 0°C to 70°C 


applications 

■ "Silicon store" replacement for drum and disc 
memories 

■ CRT displays 

■ Buffer memories 


logic and connection diagrams 


Military Temperature Range 


Dual-in-Line Package 



Order Number MM4025D 
orMM5025D 
See Package 3 


Commercial Temperature Range 
Dual-1 n-Line Package 



Order Number MM5025N 
See Package 13 


Dual-in-Line Package 



Order Number MM4026D 
orMM5026D 
See Package 3 


Dual-1 n-Line Package 



Order Number MM5026N 
See Package 15 


Flat Package 



Order Number MM4027F 
or MM5027F 
See Package 26 


Dual-I n-Line Package 



Order Number MM5027N 
See Package 12 



absolute maximum 

ratings 





Voltage at Any Pin With Respect to Vgs 
Operating Ambient Temperature Range 

+ 0.3 to - 20 . 0 V 





MM4025,MM4026,MM4027 

-55°Cto+125°C 





MM5025,MM5026,MM5027 

0°Cto+70°C 





Storage Temperature Range 

-65°Cto+150°C 





Lead Temperature (Soldering, 10 Sec.) 

300“C 





electrical characteristics Vss = +5.ov±5%, Vdd = gnd,v, 

2G = -12.0V +10% 



within operating temperature range unless otherwise stated. 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data Input Levels 






Logical High Level (V|h) 


Vss-1.5 


Vss + 0.3 

V 

Logical Low Level (V|l) 


Vss-10 


Vss -4.2 

V 

Data Input Leakage 

V,N = -10V, Ta = 25°C, All other pins GND 


0.01 

1.0 

ma 

Data 1 nput Capacitance 

V,|g = OV, f = 1 MHz, All other pins GND (Note 1 ) 


2.5 

5.0 

PF 

Load/Select Input Levels 






Logical High Level (V,h> 


Vss-1.5 


Vss + 0.3 

V 

Logical Low Level (V|i_) 


V$s - 10 


Vss -4.2 

V 

Load/Select Input Leakage 

V|N = -10V, Ta = 25°C, All other pins GND 


0.01 

1.0 

mA 

Load/Select Input Capacitance 

ViN = OV, f = 1 MHz, AM other pins GND (Note 1) 


4.0 

7.0 

pF 

Clock Input Levels 






Logical High Level (V^h) 


Vss-10 


Vss + 0.3 

V 

Logical Low Level (V 0 l) 


Vss -18.5 


Vss - 14.5 

V 

Clock Input Leakage 

V 0 = -15V, Ta = 25°C, All other pins GND 


.05 

1.0 

juA 

Clock Input Capacitance ^ 

f = 1 MHz, All other pins GND (Note 1) 


165 

190 

pF 

Data Output Levels 






Logical High Level (Vqh) 

^SOURCE 

2.4 


Vss 

V 

Logical Low Level (Vql) 

•sink = '••6 mA 

0.0 


0.4 

V 

Power Supply Current 






•gg 

Ta = 25°C, Vgg = -12.0V, 0PW = 160 ns 
Vss = 5-OV, V0L = -12.0V, DATA = Note 4 

Vdd = 0.0V 






0.01 MHz < 0f ^ 0.1 MHz 


2 

3.5 

mA 


0f= 1.0 MHz 


2 

3.5 

mA 


0f= 3.0 MHz 


2 

3.5 

mA 

•do 

0.01 MHz 0f^ 0.1 MHz 


8 

15 

mA 


0f= 1.0 MHz 


22 

32 

mA 


0f = 3.0 MHz 


48 

70 

mA 

Clock Frequency (0f) 






MM4025,MM4026,MM4027 

0tr = 0tf = 20 ns (Note 2, Note 3 & Note 5) 

0.03 

• 2.0 

1.0 

MHz 

MM5025,MM5026,MM5027 

0.003 

4.0 

1.25 

MHz 

Clock Pulsewidth (0pw> 






MM4025,MM4026,MM4027 

0tr = 0tf = 20 ns. Data Rate = 2 0f 

0.240 


8.0 

ps 

MM5025,MM5026,MM5027 

0.240 


10 

JUS 

Clock Phase Delay Times (i^d,0(j) 

See Curves 

10 



ns 

Clock Transition Times (0t^, 0tf) 

’ ■ , ■ i 



0.5 

ps 

Partial Bit Times (T) 

(Note 2, Note 3) 





T 1 Partial Bit Time 
MM4025,MM4026,MM4027 


0.5 


16.5 

ps 

MM5025,MM5026,MM5027 


0.4 


165 

PS 

T 2 Partial Bit Time 
MM4025.MM4026,MM4027 


0.5 


16.5 

ps 

MM5025,MM5026,MM5027 


0.4 


165 

Data & Load/Select Input Setup Time (t^j) 


35 



ns 

Data & Load/Select Input Hold Time (t^h) 
Data Output Propogation Delay from 0 


20 



ns 

Delay to High Level (tp^^) 

15 pF Output Capacitance 



160 

ns 

Delay to Low Level (tpj,L> 




160 

ns 

1 Note 1: Capacitance is guaranteed by periodic testing. 





Note 2; Minimum clock frequency 15 a function pf temperature and partial bit times (T-] and T 2 ) as shown by 0 f versus, 
temperature and T-|, T 2 versus temperature curves. The lowest guaranteed clock frequency for any temperature can be 



attained by making T-| equal to T 2 . The minimum guaranteed clock frequency: 0f (min) “ T/{T-j + 

T 2 > where T and T 2 do 



not exceed the guaranteed maximum. 






Note 3: Minimum clock frequency and partial bit time curves are guaranteed by testing at a high temperature point. 




Note 4: For data pattern of 1 1 1 100001 1 1 10000 etc. 





Note 5: Maximum frequency limited by maximum package power dissipation for MM4025, MM4026 and MM4027. 
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MM4025/MM5025, MM4026/MM5026, MM4027/MM5027 




MM4025/MM5025, MM4026/MM5026, MM4027/MM5027 






VqD = - 




s 

V^= -17.0 V 1 





»SS - “ 





A 







g 
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typical perforinance characteristics (con't) 


Maximum Data Rate vs Vnn 



Typical Sink Current vs Vqq 



Typical Data Output Source 
Current vs Data Output 
Voltage 



typical applications 


Memory Expansion 


-n r- 


15*^ 8^” 


2^ 10(jl^ 


15 8 ^” 


TTL/MOS Interface 



8 - 


IVIM4025/IVIiyi5025, MM4026/MM5026, MM4027/MIVI5027 







MM4025/MM5025. MM4026/MM5026, MM4027/MM5027 


truth tables 



Positive Logic 

Logic "1" 

’ = V,H = Logical High Level 

Logic "0" 

= V|L^= Logical Low Level 


Input Select A 

Function 

1 

0 

Select Input 2A 
Select Input 1A 

Input Select B 

Function 

1 

0 

Select Input 2B 
Select Input 1 B 


Write/Recirculate 

Function 

1 

0 

Recirculate 
Load Data 


switching time waveforms 


BIT TIMES BIT1 BIT 2 BIT 3 BIT 4 


ij 


1_r 




u- 


t_rr~Lr 


1_r 


l_r 


l_r 


1_r 




DATA IN I DATA IN I 


Shown is a simplified illustration of the timing of 
a 4-bit multiplexed register showing input output 
relationships with respect to the clock. If data 


enters the register at time, it exits at time, 
(beginning on negative going edge and ending 
on the succeeding 02's negative going edge). 


timing diagram 


BITl BIT 2 [ I BITN I BITN^■1 I BIT N^-2 

I I I BIX 2 
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National 

Semiconductor 


Shift Registers 


MM4052/MM5052 dual 80 bit static shift register 
MM4053/MM5053 dual 100-bit static shift register 

general description 


The MM4052/MM5052 dual 80-bit and MM4053/ 
MIVI5053 dual 100-bit static shift registers are 
monolithic integrated circuits utilizing P channel 
enhancerhent mode low threshold technology to 
achieve direct bipolar compatibility on the inputs 
and outputs. The devices require only a single 
phase clock. 

features 


Bipolar compatibility 


+5, -12V operation 
No pull-up or pull- 
down resistors needed 


■ High frequency operation 1.6 MHz 

■ Single phase clock 

■ Improved drive capability push-pu 

applications 

■ Static data buffer 

■ Serial memory storage 

■ Printer memory 

■ Telemetry systems and data sampling 


1.6 MHz guarantee 


push-pull outputs 


connection diagram 


Metal Can Package 



Order Number MM4052H, MM5052H, 
MM4053H or MM5053H 
See Package 24 


typical application 


Lj_J 


L 
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MM4052/MM5052, MM4053/MM5053 



MM4052/MM5052, MM4053/MM5053 


absolute maximum ratings 





Voltage @ Any Pin 
Operating Temperature Range 

Vss ±0-3V to Vss 

-22V 




MM4052/MM4053 

-55 C to +85 C (Ambient) 





-55°Cto +125°C (Case) 




MM5052/MM5053 

0°C to +70°C (Ambient) 




Storage Temperature Range 

-65'‘Cto+150°C 




Lead Temperature (Soldering, 10 sec) 

300°C 




electrical characteristics 





Ta within operating temperature range, Vss = +5.0V ±5% and Vqq = -12V ±10%, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data Input Levels 

, 





Logical High Level (V|h) 


Vss - 2.0 



V 

Logical Low Level (V|l) 


Vss - 18.5 


Vss -4-2 

v 

Data Input Leakage 

V,N = -20V, Ta = 25°C 
All other pins GND 


.01 

0.5 

MA 

Data Input Capacitance 

V,N =0.0V, f= 1.0 MHz 
All other pins GND 


3.0 

5.0 

pF 

Clock Input Levels 






Logical High Lev^l (V^h) 

■ 

Vss - > .5 


Vss 

V 

Logical Low Level (V^l) 


Vss - 18.5 


Vss - 14.5 

V 

Clock Input Leakage 

V,N = -20V. Ta =25°C 
All other pins GND 



1.0 

MA 

Clock Input Capacitance 

V,N = O.OV, f = 1.0 MHz 
All other pins GND 


22 

28 

pF 

Data Output Levels 






Logical High Level (Vqh ) 

^SOURCE “ -500 /jA 

2.4 V 

4.8 

Vss 

V 

Logical Low Level (Vql) 

•sink 1 -6 mA 


-3.0 

0.4 

V 

Logical High Level (Vqh) 

•source ” -10 /iA 

< 

1 

b 

Vss 

Vss 

V 

Logical Low Level (Vql) 

•sink ~ 10 piA 


Vss -12.0 

< 

Cfl 

Cfl 

1 

b 

V 

Power Supply Current 

Ta = 25°C 
= 1.6 MHz 





(Igg) MM4052/MM5052 

Vgg=Vss-17V 
V<^l = Vss-17V 


9.5 

12.5 

mA 

(Igg) MM4053/MM5053 



12.0 

16.0 

mA 

Propagation Delays from Clock 






Propagation Delay to a High (tpdH ) 

See waveform 


200 

300 

ns 

Propagation Delay to a Low (tp^L ) 

See waveform 


200 

300 

ns 

Clock Frequency (0f) 

See operating curves 

0 


1.6 

MHz 

Clock Pulse Width (0pvv) 

See operating curves 
<ptf + 0PW + <10.5 MS 

0.25 


10 

MS 

Clock Transition Times 






Risetime (</>tr) 

0tf + 0PW + 0tr < 1 0.5 MS 



5 

MS 

Falltime (0tf) 

0tf + 0PW + 0tr < 10.5 MS 



5 

MS 

Data Input Setup Time (tcs) 


80 

50 


ns 

Data Input Hold Time (tp^) 


20 

0 


ns 
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5.0 4.0 3.0 2.0 1.0 0.0 -1.0 

VouT (V) 


5.0 4.0 3.0 2.0 1.0 0.0 -1.0 

VouT (V) 


Power Supply Current 



10 100 1000 10,000 
OPERATING FREQUENCY (kHz) 


switching time waveforms 


ac test circuit 
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MM5054 



National 

Semiconductor 


Shift Registers 


MM5054 dual 64/72/80-bit static shift register 


general description 

The MM5054 dual 80-bit static shift register is a 
monolithic MOS integrated circuit utilizing silicon 
gate low threshold technology to achieve complete 
bipolar compatibility. The device has input and 
output taps that also provide register lengths of 
64 or 72 bits. 

The single phase bipolar compatible clock lines 
may be driven by any conventional DTL or TTL 
circuit. The registers may be operated as a dual 
register by connecting the clock lines A and B 
together, or as tvyo independent registers. Two 
clock control lines provide independent logical 
control of the shift register clock lines. 

features 

■ Complete bipolar compatibility DTL/TTL 
input/output and 
clock line compatibility 
without additional 
components 


logic diagram 


■ Standard supplies +5.0V, -12V 

■ High freq. operation DC to 3.0 MHz typ 

■ Single phase clock DTL/TTL compatible 

on-chip clock driver 

■ Low clock line capacitance 8.0 pF max 

■ System flexibility Split clock or common 

clock operation. Logical 
control of clock lines 

■ Low power dissipation <600 /iW/bit typ 

applications 

■ Teletype data buffers 

■ Printer memory — 80, 128, 136, 144 bit lengths 

■ Telemetry and data sampling systems 

■ Serial memory storage 



DATA 

OUTPUT 

3,13 


4,12 


The unused data inputs and clock controls should be connected to Vss to ensure proper operation. 
Logic diagram shows 1/2 of the unit. 


connection diagram 

Duai-ln-Line Package 


truth table 



CLOCK 

CONTROL 

CLOCK 

Low 

High 

Inhibited 

Active 


Order Number MM5054D 
See Package 3 
Order Number MM5054N 
See Package 15 
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absolute maximum ratings 





Voltage at Any Pin 

Vss + 0.3V to Vss - 20V 




Operating Ambient Temperature Range 0 C to +70 C 




Storage Temperature Range 

-65 C to +150 C 




Lead Temperature (Soldering, 10 seconds) 

300 C 




Power Dissipation 

600 mW @ 25 C 




dc electrical characteristics 





Ta within operating range, Vqq = 

-12V ±10%, Vdd = GND, V 

ss = 5.0V ±5%, unless otherwise noted. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data, Clock Control, and Clock Levels 






Logical High Level (V,h) 


Vss" 1.5 


Vss 0 3 

V 

Logical Low Level (V|l) 




Vss -4.2 

V 

Input Leakages 

V|M 10V, Ta - 25°C 

All Other Pins GND 



0.5 

pA 

Data Input Capacitance 

V|M = OV, f = 1.0 MHz 
All Other Pins GND (Note 1) 

■ 

4.5 

6.0 

pF 

Clock and Clock Control 

V|N = OV, f = 1.0 MHz 


6.0 

8 0 

PF 

Capacitance 

.(Note n 





Data Output Levels 

(Figure 1.) 





Logical High Level {Vqh) 

'source ' "0-5 mA 

2.4 


Vss 

V 

Logical Low Level (VoL) 

Isink “ ^ -6 rnA 


0.15 

0.4 

V 

Power Supply Current ' 

= 1.5 MHz. Ta 25^C 





('gg + Iqd 'ss) *GG 

Vss = 5.0V, Vdd = GND 


7.0 

10 

mA 

•dd 

Vgg=-12V 


5.0 

8.0 

mA 

ac electrical characteristics 





Ta within operating range, Vqq = 

-12V ±10%, Vdd = GND, V 

SS = 5.0V ±5%, unless Otherwise noted. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Clock Frequency (0f) 

0t,,0tf<1Ons (Note 2) 

DC 

3.0 

1.5 

MHz 

Clock Pulsewidth (0pw) 






<Ppw 

0tf = 0tf < 1 0 ns 

0.25 

0.180 

10 


<^PW ■ 

0tr = 0tf < 1 0 ns 

0.38 



MS 

Clock Transition Times 






Clock Risetime (0tr) 




500 

ns 

Clock Falltime (0t^) 




500 

ns 

Clock Control Setup Time (t^s) 

(Figure 1) 0tf = 0tf = 10 ns 

0 



ns 

Clock Control Hold Time (tch) 

(Figure 1) =0t< = 10 ns 

0 



ns 

Data Input Setup Time (tds) 

(Figure 1) = 0tf = 10 ns 

60 

30 


ns 

Data Input Hold Time (tdh) 

(Figure 1) (pt^ - <ptf ~ 10 ns 

40 

20 


ns 

Data Output Propagation Delay 

(Figures 1 and 2) 





From Clock 

0tr = 0tf = 10 ns 





Delay to Output High Level (tp^n) 



200 

300 

ns 

Delay to Output Low Level (tp^u) 



200 

300 

ns 

Note 1 : Capacitance is guaranteed by periodic testing. 
Note 2: For static operation clock must remain at V|i_. 
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Semiconductor 


Shift Registers 


MM4055/MM5055 quad 128 -bit static shift register 
MM4056/I\/IM5056 dual 256-bit static shift register 
MM4057/MM5057 512 -bit static shift register 


general description 

The MM4055/MM5055, MM4056/MM5056, 
MM4057/MM5057 512-bit static shift registers are 
MOS monolithic integrated circuits using silicon 
gate technology to achieve bipolar compatibility. 
They have a. guaranteed operating frequency of 
1 .0 and 1 .5 MHz respectively, and an on chip clock 
generator allows TTL level clock driver for com- 
plete TTL compatibility. 

features 

■ Guaranteed operation 

1.5 MHz 0°Cto-H70°C 

1,0 MHz -55°C to-M25°C 

■ Single TTL compatible clock, on chip clock 
generator 


Low clock capacitance 


10 pF (typ) 


■ Operates from +5.0V, GND, and -12V 

■ Three configurations 

MM4055/MM5055 Qua 

MM4056/MM5056 Du* 

MM4057/MM5057 Singl 

■ Internal recirculate 

applications 

■ CRT displays 

■ Terminals 

■ Disk and drum replacements 

■ Buffer memory 


Quad 128 bit 
Dual 256 bit 
Single 512 bit 


connection diagrams 


Dual-ln-Line Package 


Dual-In-Line Package 


Duai-ln-Line Package Metal Can Package 






Order Number MM4055D 
or MM5055D 
See Package 3 
Order Number MM5055N 
See Package 15 


Order Number MM5056N 
See Package 13 


Order Number MM4057D 
or MM5057D 
See Package 1 
Order Number MM5057N 
See Package 1 2 


Order Number MM4056H 
or MM5056H 
See Package 24 


logic diagram 
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MM4055/MM5055, MM4056/MM5056, MM4057/MM5057 


absolute maximum ratings (Note 1) 


Data and Clock Input Voltages and 
Supply Voltages with Respect to Vss 
Power Dissipation 
Operating Temperature Range 
MM5055, MM5056, MM5057 
MM4055, MM4056, MM 4057 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


+0.3V to -20V 
600 mW @ Ta = 25°C 

0°C to 70°C 
-55°C to 125°CCase 
-65°Cto 160°C 
300°C 


electrical characteristics (mm4055, mm4056, mm4ob7) 


Ta =-55 


l°C to +125°C, Vss = 5.0V ±5%, Vqg =~12V ±5%, Vqd = OV, unless otherwise noted. 


Data, Recirculate and Clock Input Levels 
Logical High Level(V|H) 

Logical Low Level (V||_) 

Data, Recirculate and Clock Input 
Leakage 

Data Input Capacitance 

Recirculate Input Capacitance 

Clock Capacitance 

Data Output Levels 

Logical High Level (Vqh) 

Logical Low Level (Vql) 

Power Supply Current 


V,N =-10y,T;s, =25 C 
All Other Pins GND 

V,N =0V,f = 1 MHz 

All Other Pins GND (Note 2) 

V|N = OV, f = i'mhz 

All Other Pins GND (Note 2) 

V|N =0V,f = 1 MHz 

All Other Pins GND (Note 2) 


IsouRCE ~ 0.5mA 
(sink ~ 1-6 mA 

Ta = 25"C, Vgg = -12V, Vss = 5.0V 
Vdd - OV, 0PW - 230 ns 
Data = 0-10-1 • • ■ 


0, <0.1 MHz 
0, < 1.6 MHz 


Clock Frequency (0f) 

Clock Pulse Width 

{0PW ) 

Data Input Setup Time (t^,s) 
Data Input Hold Time (t^n) 
Recirculate Setup Time (t^s) 
Recirculate Hold Time (t^H) 

Data Output Propagation Delay 
Delay to High Level (tpdH) 
Delay to Low Level (tp^L) 


'Pir- 0tf ^ 10 ns (Note 5) 


^tr. 0tf ^ 10 ns (See ac Test Circuit) 
0tf < 10 ns (See ac Test Circuit) 


tr, tf < 10 ns 

For Load Conditions See ac Test Circuit 120 
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electrical characteristics (con't) (mmsobb, mmbobb, mmbob?) 

Ta = 0°c to +70°c, Vss = 5.0V ±B%, Vgg = 2V ±B%, Vdd = OV. unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data, Recirculate and Clock Input Levels 







Logical High Level (V|h) 



Vss -1.5 


Vss + 0.3 

V 

Logical Low Level (V|l) 



Vss - 15 


Vss -4.2 

V 

Data, Recirculate and Clock Input 

V,N =-10V,Ta =25°C 


0.01 

0.5 

pA 

Leakage 

All Other Pins GND 




Data Input Capacitance 

V,N =0V, f = 1 MHz, 

All Other Pins GND (Note 2) 


4.5 

6.0 

PF 

Recirculate Input Capacitance 

V,N =0V,f = 1 MHz, 

All Other Pins GND (Note 2» 


3.0 

6.0 

PF 

Clock Capacitance 

V,w = 0V,f = 1 MHz, 

All Other Pins GND (Note 2) 


10 

14 


Data Output Levels 







Logical High Level (Vqh) 


SOURCE = -0.5 mA 

2.4 



V 

Logical Low Level (V/ql) 


SI NK ” 1-5 niA 

Vdd 


0.4 

V 

Power Supply Current 

Ta = 25”C. Vgg ^ “12V, Vgs = 5.0V 
Vdd ” 0pw ~ 230 ns 

Data = 0-1 -0-1 * • • 





•gg 


0, <0.1MHz 


6.5 

9,0 

mA 



0f<2.2MHz 


13 

19 

mA 

Idd (Note 4) 


0f<O.1MHz 


13 

18 

mA 



0f<2.2MHz 


15 

20 

mA 

Clock Frequency (0f) 

^ <Note 5) 


3.0 

1.5 

MHz 

Clock Pulse Width 







(0pw) 


itr.0tf<lOns 

0.230 

0.100 

100 

ps 

(0pw) 

10 ns 

0.300 

0.100 

dc 

ps 

Data Input Setup Time (t^s) 



no 



ns 

Data Input Hold Time (t^H) 



40 



ns 

Recirculate Setup Time (td,) 


t,, tf < 10 ns 

no 



ns 

Recirculate Hold Time (tdH) 

Data Output Propagation Delay 


For Load Conditions See Test Circuit 

40 



ns 

Delay to High Level (tpejn) 




250 

345 

ns 

Delay to Low Level (tpdL.) 




250 

345 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used: 

Logic "1" = most positive voltage level 
Logic "0" = most negative voltage level 

Note 4: Outputs not loaded when measuring Iqd- Add 1.6 mA to Iqd for each TTL load to compute worst case power. 
Note 5: For static operation clock must remain at V|L- 


E 
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MM5058 



National 

Semiconductor 


Shift Registers 


MM5058 1024-bit static shift register 


general description 

The MM5058 is a monolithic 1024-bit static shift 
register utilizing a low threshold P-channel silicon 
gate technology to achieve bipolar compatibility. 
"Stream select" logic on the chip chooses between 
two inputs, facilitating external recirculate opera- 
tion. This in addition to an internal clock-driver, 
thus providing a single external TTL/DTL clock, 
makes this device flexible and converiient to 
integrate into existing TTL/DTL or MOS systems. 


features 

■ Bipolar All inputs, outputs, and dock 

compatibility interface directly with 

standard TTL/DTL circuits with 
no external components 


High frequency 
operation 

Standard power supplies 

Small package 

Low power consumption 


DC to 1.5 MHz 
guaranteed 

+5.0V and -12V 
8-pin mini DIP 
250juW/bit typ 


Stream select for easy external recirculate 


applications 

■ Sequential access memories 

■ Static buffer memories 

■ CRT refresh 


■ Single phase On chip clock driver provides 
clock single TTL/DTL level clock with 

low input capacitance 


Delay lines 

Drum memory replacement 


logic and connection diagrams 



(JUMPER FOR RECIRCULATE) 


Dual-ln-Line Package 



ac test circuit 



Order Number MM5058D 
See Package 1 
Order Number MM5058N 
See Package 12 

truth table 


STREAM SELECT 

FUNCTION 

LOGIC "0" 

INPUT 1 

LOGIC "1" 

INPUT 2 


8-24 




absolute maximum ratings (Note i) 


Data and Clock Input Voltages and Supply 

Voltages with Respect to 

Power Dissipation 

Operating Temperature Range 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


+0.3V to -20V 
535 mW @ Ta - 25°C 
0°C to +70°C Ambient 
-65°Cto+150°C 
300° C 


dc electrical characteristics 

Ta within specified operating temperature range, Vss = +5.0V ±5%, Vqg = -12V ±5%, Vqq = OV, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 4) 

MAX 

UNITS 

Input Levels 






Logical High Level (V|h) 


Vss - 1-5 


Vss + 0.3 

V 

Logical Low Level (V|l) 


Vss - 10 


Vss -4.2 

V 

Input Leakage 

V,N - -rov, Ta = 25°c 


0.05 

0.5 

ma 

(All Inputs) 

All Other Pins GND 





Input Capacitance (Note 2) 

V|N = OV, f -T.O MHz (Note 1) 
All Other Pins (GND) 


3.0 

7.0 

pF 

Data Output Levels, TTL Load 






Logical High Level (V'oh) 

IsouRCE ~ “0.5 mA 

2,4 

3.5 


V 

Logical Low Level (Vol) 

•sink “ ^ -O mA 

Vqd 


0.4 

V 

Power Supply Current 

DATA = 0-1-G-1 





•gg 

bf = 1 .5 MHz Continuous Operation 


8.0 

13 

mA 

, 'ss 

DATA = 0-1-0-1 

bf = 1 .5 MHz Continuous Operation 


38 

60 

mA 


ac electrical characteristics 

Ta within specified operating temperature range, Vss = +5.0V ±5%, Vqg = -12V ±5%, Vqd = OV, unless otherwise specified. 


PARAMETER 
Clock Frequency ((>f) 

Clock Pulse Width 

^PV\l 

Clock Pulse Transition (t^, tf) 

Data Input Setup Time (tps) 

Data Input Hold Time (ton) 

Stream Select Setup Time (tss ) 

Stream Select Hold Time (Ish) 

Data Output Propagation Delay From 0nsj 

Delay to High LeveMtpdH) 

Delay to Low Level (tpdL) 


CONDITIONS 

0tr = 0t| - 10 ns 


(ptf = dtf = 1 0 ns 
0tr = 0tf = 1 0 ns 


tf = tf < 10 ns 
See AC Test 
Circuit for Load 
Conditions 


TYP 
(Note 4) 

MAX 

UNITS 

3.0 

1.5 

MHz 

0.100 

100 

MS 


DC 

MS 


1.0 

MS 



ns 



ns 



ns 



ns 

200 

300 

ns 

200 

300 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used: Logic "1" = most positive voltage level; Logic "0"= most negative voltage level. 
Note 4: Typical values apply for Vss ~ 5.0V, Vqq = —12V, V^q ~ OV, and = 25°C. 
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MM 5058 




- TYPICAL CLOCK PULSE WIDTH (ns) SUPPLY CURRENT (mA) 


typical performance characteristics 


Typical Power Supply Current 
vs Temperature 


0f = 1.5MH2 I 
<ipw = 333 ns ■ 

Vss = +5.0V, Vgg = -12V — 
Voo = OV 

OUTPUT LOAD = 1 TTL INPUT 
DATA = 1010 ... 


10 20 30 40 50 60 70 80 90 100 
Ta - AMBIENT TEMPEf(ATURE (°C) 


Typical Power Supply Current 
vs Supply Voltage 


Guaranteed Power Consumption 
vs Temperature 


rn INPUT 









I ! 



' a>ECIFIED 
-OPERATING RANGE 44 


— 




r 




Ic 




L 

L. 


1 900 


— 

1 OUTPUT LOAD 

= 1 TTL INPUT 
0, = 1.5 MHz 

1 





OATi 

<t>pw - 

= 333 ns 

< 



r 




Vs! 

5 = 5 

.25 

5 500 







Vt 

)D = 

OV 





— 



Vgg = 

-12.6 V 

u 400 





1 



“1 


1 — 

^ 200 



1 


1 

I 






° 100 





r~ 









_ 




10 20 30 40 SO 60 70 80 90 100 
Ta - AMBIENT TEMPERATURE ('0 


Typical Clock Pulse Width 
vs Ambient Temperature 

1000 M - — — — 

900 > = 

Vdg = 0V 

800 Vs3 = 5.0V 

700 -Vcg=-12V-J 

. OUTPUT LOAD = 1 TTL INPUT 


0 10 20 30 40 so 60 70 80 90 100 

Ta - AMBIENT TEMPERATURE (°C) 


Typical Clock Pulse Width 
vs Vqg 


0, = 1.5 MHz 
Vss = 5.0V 
Vdd = OV 
Ta = 25'’C 



n 








= 1 TTL GATE J 

— 













(MIN) 



1 1 

□ 



-11.6 -11.8 -12 -12.2 -12.4 

VfeG (V) 


Typical Maximum Frequency 
vs Ambient Temperature 


2.0 -0Pw = 5O% 

. Vdd = -12V 

Vss = 5.0V 
' Voo = OV i 

' OUTPUT LOAD = 1 TTL GATE 

I 1 I I I I I 1 i I 

0 10 20 30 40 50 60 70 80 90 100 

Ta (“O 


switching time waveforms 


^ ^ 

m. ^ — »• 

Vah , 


/ ' 
.. / 

L_ _ _ 7 




^ \ 

V,.. 



1 \ 


tpDH ^ 


tos toH-" 



NOTE 1: TIMES MEASURED AT 50% POINTS WITH t,. t, < 10 n 
NOTE 2: FOR DC STORAGE CLOCK MUST REMAIN AT V«, . 
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National 

Semiconductor 


Shift Registers 


MM5060 dual 144-bit mask programnnable 
static shift register 


general description 

The MM5060 is a monolithic dual 144-bit static 
shift register/accumulator utilizing a silicon gate 
low threshold P-channel enhancement mode tech- 
nology to achieve complete bipolar compatibility. 
The device can be programmed by metal mask 
option to custom lengths from 125 to 144-bits 
in one bit increments. 

Standard Lengths: 

MM5060AA 

Dual 128-Bit Shift Register/ Accumulator 
MM5060AB 

Dual 132-Bit Shift Register/Accumulator 
MM5060AC 

Dual 133-Bit Shift Register/Accumulator 
MM5060AD 

Dual 144-Bit Shift Register/Accumulator 
Custom Lengths: 

The programmed shift registers are assigned a letter 
code for each option. These are designated by a 
pair of letters after the number code but before 
the package designation such as MM5060AD/D 
which is a 0°C to +70°C dual 144-bit shift 


register/accumulator in an 8-lead cavity dual-in- 
line package. Pattern codes are assigned by Na- 
tional upon entry of order. 

features 

■ Complete bipolar compatibility — input/output 
and clock input completely DTL/TTL compati- 
ble without additional components 

■ Standard Supplies +5V, -12V 

■ High frequency operation — DC to 3.0 MHz 
typical 

■ Single phase clock — DTL/TTL compatible on 
chip clock 

■ Low clock line capacitance 6.0 pF max. 

applications 

■ Printer memory — any length from 125 to 
144-bits per line 

■ Telemetry systems and data sampling 

■ Serial mehnory storage 


logic and connection diagrams 



Dual-ln-Line Package 



Order Number MM5060AA/D, 
MM5060AB/D, MM5060AC/0, 
MM5060AD/D or MM5060XX/D 
See Package 1 

Order Number MM5060AA/N, 
MM5060AB/N, MM5060AC/N, 
MM5060AO/N or MM5060XX/N 
See Package 12 


truth table 


LOAD CONTROL 

INPUT 

FUNCTION 

0 

0 

Recirculate 

0 

1 

Recirculate 

1 

0 

"0" is written 

1 

1 

"1" is written 
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MM5060 







MM5060 


absolute maximum ratings 





Data and Clock Input Voltages and Supply -t-0.3V to —20V 




Voltages with respect to Vss 
Power Dissipation 
Operating Temperature Range 

600 mW @ Txi 

= 25°C 




MM5060 

0°C to +70°C (Ambient) 




Storage Temperature 

-65°Cto+150°C 




Lead Temperature {Soldering, 10 sec) 

300 C 




electrical characteristics 





Ta within specified operating temperature range, Vss “ 5.0V ±5%, Vqq -12.0V ±5%, unless otherwise specified. 

Characteristics 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data Input Levels 






Logical High Level (V|h) 


Vss -1.5 


Vss + 0.3 

V 

Logical Low Level (V,l) 


Vss -10.0 


Vss - 4.2 


Data Input Leakage 

V,N =-l0V, Ta =25°C 
All Other Pins GND 


o'oi 

0.5 

mA 

Data Input Capacitance - 

V,N = O.OV, f = 1 MHz 
All Other Pins GND 


3.0 

5.0 

pF 

Load Control Input Levels 

(Note 1) 





Logical High Level (Vh) 


Vss -1.5 


Vss + 0.3 

V 

Logical Low Level (Vl) 


Vss - 10.0 


Vss -4.2 

V 

Load Control Input Leakage 

V,N =-10V, Ta = 25°C 
All Other Pins GND 


0.01 

0.5 

^iA 

Load Control Input Capacitance 

V,M =0.0V, f = 1 MHz 
All Other Pins GND 


3.0 

5.0 


Clock Input Levels 

(Note 1) 





Logical High Level {V,^h) 


Vss -1.5 


Vss + 0.3 

V 

Logical Low Level (V^l.) 


Vss - 10.0 


Vss -4.2 

V 

Clock Input Leakage 

= -10.0V, Ta = 25°C 
All Other Pins GND 


0.01 

0.5 

fxA 

Clock Input Capacitance 

= O.OV, f = 1 MHz 
All Other Pins GND 


3.5 

6.0 

pF 

Data Output Levels TTL Load 

(Note 1 ) 





Logical High Level (VqhI 

^SOURCE = -0.5 mA 

3.0 

3.5 


V 

Logical High Level MOS Load (Vqh) 

'source = -0.01 mA 

4.0 

4.5 


V 

Logical Low Level (Vql) 

•sink = l-O mA 



0.4 

V 

Power Supply Current (Igg) 

Ta=25°C, Vgg =-12V 
0PW = 300 ns, Vgs = +5.0V 
Data = 0-1 -0-1 
0.01 MHz<0f ^ 0.1 MHz 


20.0 

24.0 

mA 


= T.O MHz 


21.0 

25.0 

mA 


0f = 1.5 MHz 


22.0 

26.0 

mA 

Clock Frequency (^f) 

0tr = 0tf = 10 ns, Ta = 25°C 

DC 

3.0 

1.5 

MHz 

Clock Pulsewidth (^pw) 

(^PW ) 

0tr = 0tf = 10 ns, Ta = 25'’C 

0.300 

0.200 

0.100 

100 

DC 

/^s 

AS 

Clock Pulse Transition 0tr ) 




1 

MS 

Data Input Setup Time (t^j*) 

Ta = 25°C, tr, tf = 10 ns 

70 



ns 

Data Input Hold Time (t^h) 

Ta - 25°C, t,, tf = 10 ns 

50 



ns 

Load Control Setup (t^s) 

Ta = 25°C, tr, tf = 10 ns 

70 



ns 

Load Control Hold (t^h ) 

Ta = 25°C, tf, tf = 10 ns 

50 



ns 

Data Output Propagation Delay from 0 in 

Ta = 25°C, tr, tf = 10 ns 





Delay to High Level (tp^n) 



250 

350 

ns 

Delay to Low Level (tp^jL ) 



250 

350 

ns 

Note 1: Capacitance is guaranteed by periodic testing. 
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MM5061 


National 

Semiconductor 


Shift Registers 


MM5061 quad 100-bit static shift register 


general description 


The MM5061 quad 100-bit static shift register is a 
MOS monolithic integrated circuit using silicon 
, gate technology to achieve bipolar compatibility. 
It has a guaranteed operating frequency of 1.5 
MHz and an on-chip clock generator. 

features 

■ Guaranteed 1.5 MHz operation 

■ Single TTL compatible clock on chip clock 
generator 


■ Low clock capacitance lOtyp, 14max 

■ Operates from +5V, GND, and -12V 

■ Configuration Quad 100-bit 

■ Internal recirculate 

applications 

■ CRT displays 

■ Terminals 

■ Disk and drum replacements 

■ Buffer memory 


logic and connection diagrams 


RECIRCULATE 

CONTROL 



Dual-ln-Line Package 



Order Number MIVI5061D 
See Package 3 
Order Number MM5061N 
See Package 15 


test circuit 


truth table 



RECIRCULATE 

CONTROL 

FUNCTION 

1 

0 

Data Recirculates 
Register Accepts 
Input Data 
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absolute maximum ratings (Note d 

Data and Clock Input Voltages and -I-0.3V to ~20V 

Supply Voltages with Respect to Vss 
Power Dissipation 600 mW @ = 25°C 

Operating Temperature Range 0°Cto+70°C 

Storage Temperature Range -65°G to +160'^C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics 

Ta within operating temperature range, Vss ~ +5V ±5%, Vgg = -12V ±10%, unless otherwise specified. 

PARAMETER 

CONDitlONS 

MIN 

TYP 

MAX 

UNITS 

Data Input Level 







Logical High Level (V|h) 



Vss -1.5 


Vss + 0.3 

V 

Logical Low Level (V|i_) 



Vss - 10 


Vss -4.2 

V 

Data Input Leakage 


V,N = -10.0V, Ta = 25°c, 


0.01 

0.5 

AiA 


All Other Pins GND 





Data Input Capacitance 

V,N =O.0V, f = 1 MHz, 


4.5 

6.0 

pF 

(Note 2) 

All Other Pins GND 





Recirculate Input Levels 







Logical High Level (Vh) 



Vss - 1.5 


Vss + 0.3 

V 

Logical Low Level (Vl) 


' 

Vss 10 


Vss - 4.2 

V 

Recirculate Input Leakage 


V,N = 10.0V, Ta = 25°c, 


0.01 

0.5 



All Other Pins GND 





Recirculate Input Capacitance 

V,N = O.OV, f = 1 MHz, 


3.0 

6.0 

pF 


All Other Pins GND 





Clock Input Levels 







Logical High Level (Vqh) 



Vss - 10 


Vss + 0.3 

V 

Logical Low Level (Vql) 



Vss - 10-0 


Vss - 4.2 

V 

Clock Input Leakage 


V,^= -10.0V, Ta = 25°C, 


0.01 

0.5 

/iA 


Another Pins GND 





Clock Capacitance (Note 2) 



, 

10.0 

14.0 

pF 

Data Output Levels 







Logical High Level (Vqh) 


•source - 3.0 mA 

2.85 


Vss 

V 

Logical Low Level (Vql) 


SINK “ /• -6 mA 



0.4 

V 

Power Supply Current (Iqg) 


Ta - 25°C, Vgg = -12.0V, 0PW = 160 ns 







Vss = +5.0V, Vql = 0.8V, Data = 0-1-0 1 







Vdd-O.OV 






(^>f<0.1MHz 


6.5 

9.0 

mA 

' 

= 2.2 MHz 


13.0 

19.0 

mA 

(lDo)(Note4) 

<pf <0.1 MHz 


13.0 

18.0 

mA 


0f<2.2MHz 


15.0 

20.0 

mA 

Clock Frequency 0f 

0tr = 0tf < 1 0 ns 


3.0 

1.5 

MHz 

Clock Pulse Width 0pw 

<l)t^ = 0tf < 10 ns 

0.230 

0.100 

10.0 

ps 

0PW 

<pXf = 0tr < 10 ns 

0.200 


DC 

A(s 

Data Input Setup Time (tcs) 



100 



ns 

Data Input Hold Time (t^n) 



40 



ns 

Recirculate Setup (t^s) 


tr, tf < 10 ns 

100 



ns 

Recirculate Hold (tdH) 


y For Load Conditions see 

40 



ns 

Data Output Propagation Delay 


Test Circuit 





from </) 





! ■ 350 


Delay to High Level (tpcin) 




250 


ns 

Delay to Low Level (tpct) 

> 



250 

350 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditiqns for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used: Logic "1" = most positive voltage level; Logic "0” = most negative voltage level. 
Note 4: Outputs not loaded when measuring Ipp therefore Iqq will increase by 1.6 mA for each TTL load (TTL "0" level 
output). 
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MM5061 



typical performance characteristics 


Typical I qq vs Clock Frequency 



:: 

1 



lJ 

trttt 

tp 



































If ^ 

. 

T 

rif ^ 



It 



"if - 



'it 



It 


Jl 

TTTTTl TTT 

„ data = 10-1 

Vss = 5.0V 
'Vdd = 0V 
-Vgg = -12V 

■11111,1 L.1I 

1-0 . 

ml 


100k 1M 10M 

CLOCK FREQUENCY (Hz) 


Typical Power Supply Current 

vsVqg 

21 1 p— ^ 

Vdd = GND 

18 -Vss = +5.0V — - 

DATA = 1-0-1-0 


p,= 1.0 MHz 

3 -Ta = +25C 

•ss = Iqg ^ Idd 

12 13 14 15 16 17 18 

Vss-Vgg(V) 


Typical Iqq vs Clock Frequency 



Guaranteed 1.0 MHz Operating 
Curve 


0°C<Ta <+70°CT 
V,l = 0.8V 
i/,H = 3.5V 
pt, = ptf = 1 0 ns 



Guaranteed 2.0 MHz Operating 
Curve 


V|l = 0.8V V,,h = 3.0V 
-V,h = 3.0V V,,l = 0-8V - 
= 0 Cto +70 C I 



switching time waveforms 


RECIRCULATE INPUT 
V,L — 


t„t, ^10 ns ALL TIMES MEASURED FROM 50% POINTS 
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Semiconductor 


Shift Registers 


MM4104/MM5104 dynamic shift register 
general description 


The MM4104/MM5104 360/359, 228/287, 40/32 
bit dynamic shift register is a monolithic MOS 
integrated circuit utilizing p-channel enhancement 
mode low threshold technology to achieve bipolar 
compatibility. The register lengths are lengthened 
or shortened by hard wiring the length select line 
to Vqg or Vss- The lengths available are: 40, 
288, 328, 360, 400, 560, 688; or 32, 287, 319, 
359, 391, 446, 678. 

features 

■ DTL/TTL compatibility +5 V, -12V power 
supply. No pull-up 
or pull-down 
resistors required 


Multiple length registers Electrically adjustable 
360/359, 288/287, 40/32 bit 
registers 


Wide frequency range 


applications 

■ Data store 

■ CRT displays 

■ Business machine 


250 Hz min. guar. 

at25°C 
2.5 MHz max. guar, 
over temp. 


connection diagram 


Metai Can Package 


DATA INPUT 2 
(40, 32 IN) 
DATA OUTPUT 2 
(40/32 OUT) U 



typical applications 


Order Number MM4104H 
or MM5104H 
See Package 24 


TTL/MOS Interface 


T r“ ““ 

i! ^ ! I i I «- 



1 


X I 13-1/2 1 - 

bits ri 


■V , 1 r n 

1 1 < 1 1 — ^l 


I II 

I TTL/DTL I I 

I 


(SHORT) q/ q (LONG) 
Vgg TVss , 


MM4104/MMS104 

iTTv” 


I II— y"| 

I LJTL/DTIJ 


Note: Vgq on pin 3 results in a 288-iiit register between pin 7 and pin 4 and a 287-bit register between pins G and 4. 
The unused input (6 or 7) must be returned to Vss. Also, there is a 32-liit register between pins 1 and 2, 

Vss on pin 3 results in a 360 bit register between pin 7 and pin 4 and a 359-bit register between pins 6 and 4. The 
unused input (6 or 7) must be returned to Vss- Also, there is a 40-hit register between pins 1 and 2. 


833 


MM4104/MM5104 



MM4104/MM5104 


absolute maximum ratings 





Voltage at Any Pin 

Vss + 0.3V to Vss - 22V 




Operating Temperature Range MM41 04 -55 C to 125 C 




MM5104 -25°Cto70°C 




Storage Temperature Range 

-65°Cto150°C 




Lead Temperature (Soldering, 10 sec) 300 C 




electrical characteristics 





(Ta within operating temperature range, Vss “ +5.0V, ±5%, Vqg “ ■" 

12.0V ±10%, unless otherwise specified.) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Data Input Levels 






Logical HIGH Level (V,h) 


q 

cvi 

> 


Vss + 0.3 

V 

Logical LOW Level (V,l) 


Vss - 18.5 


Vss -4.2 

V 

Data Input Leakage 

V,N - -20.0V, Ta = 25°C, 
All Other Pins GND 

• 

0.01 

0.5 

qA 

Data Input Capacitance 

V,N - 0.0V,f = 1 MHz, 

All Other Pins GND, (Note 3) 


3.0 

5.0 

PF 

Length Select Input Levels 






Logical HIGH Level (Vlsh) 


Vss 


Vss + 0.3 

V 

Logical LOW Level (Vlsl) 


Vss - 18.5 


Vgg 

V 

Length Select Input Leakage 

V,N = -20V, Ta = 25°C. 
All Other Pins GND 


0.01 

0.5 

qA 

Length Select Input Capacitance 

V,N = 0.0V,f = 1 MHz, 

All Other Pins GND, (Note 3) 


6.0 

9.0 

pF 

Clock Input Levels 






Logical HIGH Level (V0 h) 


Vss- 1-5 


Vss + 0.3 

V 

Logical LOW Level (V^l) 


Vss -18.5 


Vss - 14.5 

V 

Clock Input Leakage 

V0=-2OV,Ta = 25°C. 
All Other Pins GND 


0.05 

10 

/uA 

Clock Input Capacitance 

V0= O.OV, f = 1 MHz, 

All Other Pins GND, (Note 3) 


85 

100 

pF 

Data Output Levels 






Logical HIGH Level (Vqh) 

^SOURCE “ “0-5 mA 

2.4 


Vss 

V 

Logical LOW Level (Vql) 

'sink “1-6 mA 



0.4 

V 

Power Supply Current 






• gg 

Ta = 25°C, Vgg = -12V, 0PW = 150 ns 
Vss = 5.0V, V0L = -12V, Data = 0-1 -0-1 






0 01 MHz^0f<O.1 MHz 


1.5 

2.5 

mA 


4>f= 1 MHz 


3.5 

5.0 

mA 


= 2.5 MHz 


7.0 

10.0 

mA 

Clock Frequency (4>f) 

4>tr = 0tf = 20 ns, (Note 1 ) 

0.01 

3.3 

2.5 

MHz 

Clock Pulsewidth (0pw) 

0tf -t- 0PW 0tf ^ 10.5 fxs 

0.15 


10 

MS 

Clock Phase Delay Times {4)^, <p^) 

(Note 1) 

10 



ns 

Clock Transition Time (0tr, 0tf) 

0tf + 0PW -t 0t, < 10.5 ps 



1 

MS 

Partial Bit Times (T) 

(Notel) 





Input Partial Bit Time (T|fsj) 


0.20 


100 

MS 

Output Partial Bit Time (Tqut) 


0.20 


100 

MS 

Data Input Setup Time (tds) 


80 

30 


ns 

Data Input Hold Time (tdh) 


20 

0 


ns 

Data Output Propagation Delay 






from (pouT 

See ac test circuit. 





Delay to HIGH Level (tp^n) 



150 

200 

ns 

Delay to LOW Level (tpdL> 



150 

200 

ns 

Notel: Minimum clock frequency is £ 

function of temperature and partial bit times (T|n and Tqut) shown by the 4>f 

versus temperature and T|fyj, TouT versus temperature curves. The lowest guaranteed clock frequency for any temperature 

can be attained by making T|n equal to Tql)j. The minimum guaranteed clock frequency is: 



<Af(min) ' where T||\| and TquT >^ 0^ exceed the guaranteed maximums. 

Tin + Tout 



Note 2: The curves are guaranteed by testing at a high temperature point. 
Note 3: Capacitance is guaranteed by periodic testing. 
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performance characteristics 

Guaranteed Maximum T||\] Guaranteed Minimum Clock 

and Tout F requency vs Temperature Typical Power Supply 

(Notes 1,2) (Notes 1, 2) Current vs Clock Frequency 



-60 -20 20 60 100 140 0.001 0,01 0.10 1.0 10.0 

AMBIENT TEMPERATURE (°C) CLOCK FREQUENCY, 0, (MHz) 


Typical Output Source Typical Output Sink 

Current vs Voltage Current vs Voltage 
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National 

Semiconductor 


Memory Systems 


Memory and OEM Memory Systems 

Computer Groups: 370-Add-On Memory Systems 

Memory Components 
Microcomputer Systems 
Large Computer Systems 


Memory National’s memory systems take full advantage 

Technology of the growing technology in semiconductor 
random access memories. With the 18- and 
22-pin 4k RAM now in volume production, this 
technology already provides higher perfor- 
mance at lower cost than “core” memory And it 
promises even greater advantages as National 
continues to make improvements in speed, 
compactness, and cost. 


World’s At the forefront of semiconductor memory 

Largest Memory technology and now the world’s largest supplier, 
Supplier National produces the most cost-effective mem- 

ory components and systems available. Since 
memory specialists at National are aware of 
OEM and end-user needs within a growing 
technology. National’s OEM memories give you 
maximum performance with minimum obso- 
lescence. The memories you purchase from 
National today will be available tonnorrow w/fh 
improved cost-performance ratios reflecting 
new advances in component technology. 



370 

“Add-on” 

Memories 


Fully committed to the memory system market, 
National has developed a standard line of 
IBM-compatible “add-on” semiconductor mem- 
ories. These memories range in size from 256k 
bytes for the 370-135 to 8M bytes for the 370-168. 
Available at lower cost than comparable mem- 
ories, these systems include “large computer” 
features such as error checking and correc- 
tion, CPU “hand-shaking,” independent cooling, 
plug-in compatibility and ultra-high reliability. 
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Memory Systems 


Memoiy 

Specialists 


Standard 

Memories 


Custom 

Memories 


Reliability 


State-of-the-Art 

Design 


National’s memory systems group is staffed by a 
team of specialists in OEM and end-user mem- 
ory design and production. Cooperating closely 
with semiconductor component technologists 
and computer system specialists, our memory 
systems group has both the expertise and the 
technology to provide you with reliable memories 
utilizing state-of-the-art components at the 
lowest possible cost. 

National’s standard product line offers you a 
selection of reliable memories for a wide range 
of OEM and end-user applications. Including 
both “add-on” and “add-in” versions for specific 
minicomputers and micro-processors, the stan- 
dard product line features memories designed 
for core memory card replacement, alpha- 
numeric displays and general use in communi- ' 
cations, instrumentation, intelligent terminals, 
and many other applications. These memory 
products are described on the following pages. 

If the memory you need isn’t presently available 
in our standard line, our memory systems team 
will design one to meet your specifications. After 
your first prototypes are built and fully tested, 
you can either have National build your memory 
systems or build them in your own plant with a 
licensing agreement: National will provide 
the first systems and the design, and you may 
use National as an alternate source. 

National has an outstanding reputation for relia- 
bility, and our memory systems are no exception. 
Every National memory is thoroughly inspected, 
“burned in” and tested at both the component 
and system levels before shipment. 

As improved memory technology becomes 
available, National memories are automatically 
design-updated. Custom memories are design- 
updated, with customer approval, with no inter- 
ruption in production. This assures you of a 
memory system that is constantly competitive in 
cost and performance, without additional capital 
investment or design cost. 
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NS3-1 

Bulk Storage Memory 


A compact, 256k byte random access memory 
system with integral power supply and cooling in 
a standard 5.25" x 19" rack-mountable enclo- 
sure. The NS3-T combines fully engineered reli- 
ability with designed-in flexibility. It is highly cost 
effective in a wide range of applications, includ- 
ing graphics terminals, PBX, mini- and micro- 
computers, time-share systems, process control, 
automatic testers, and medical analyzers. 

Features 

High Speed 

280 ns access, 430 ns read or write cycle 

Core-Compatible 

Timing 

650 ns cycle 

Error Check 

and Correction 

Two or four bytes, optional 

Parity 

Checking and/or generation 

Byte Control 

One, two, or four byte control 

Modular Memory 

64k byte modules, 256k bytes max. 

Custom Interface 

For individual processors 

Refresh Control 

Synchronous or asynchronous 

Data Bus 

Unidirectional or bidirectional 

Modular Design 

The NS3-1 is part of National’s growing NS3 
family of modular bulk storage systems. These 
systems are slated for continuous technological 
update and development of additional com- 
patible modules to provide enhanced perfor- 
mance, capacity and economy. 

Specifications 

Capacity 

256k X 11 bit bytes maximum 
1, 2, or 4 byte words 

Operating Modes 

Read, Write, Read/Modify/Write; 
Partial-Store with ECC option 

Cycle Times: 

standard 

280 ns access, 430 ns cycle, 
650 ns split cycle 

core-compatible 

280 ns access, 650 ns cycle, 
750 ns split cycle 

ECC option 

425 ns access, 650 ns cycle, 
795 ns split cycle 

Interface 

TTL-compatible 

Power 

Integra! power supply, 115/208 VAC, 
50/60 Hz 

Dimensions 

, Standard 19"W x 22.5" L x 5.25"H 

Temperature 

0-50°C, operating 
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Custom Interface Card- 
For specially de- 
signed interface; bread- 
board available for 
customer design 


Special Features Card- 
Offers special 
options, including ECC, 
4-byte word structure, 
and others 


Timing and Control Card- 
Includes master con- 
trol, parity and refresh 
circuits control logic 


Memory Storage Cards- 
Up to four Memory 
cards, each with 
64k bytes, various word 
structures optional 


Enclosure & Power Unit- 
Standard 5.25". x 19" 
rack-mountable chassis 
with integral power 
supply and cooling. 
Table-top cabinet and 
interface cables 
optional 
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NS11 Memory Series 32K x1 8 Bits 



A family of double-density random access , 
memory cards that are fully hardware and soft- 
ware compatible with Digital Equipment Corpora- 
tion’s line of PDP11 processors. Direct plug-in 
replacement memory for models -/04, -/05, -/10, 
-/34, -/35, -/40, -/45, -/50, and -/55 is available. 


High Speed 

Double-Density 

Compatibility 

Expandable 
Parity Bits 


Features 

375 ns access, 525 ns full cycle 

32k words on a single card 

Plug-in replacement: can be intermixed with 

DEC memory cards 

To 128k words 

On card 


Capacity 

Address 

Operating Modes 
Cycle Times: 

access 
full cycle 

Interface 

Power 

Dimensions 

Temperature 


Specifications 

32k X 18 bits, expandable to 128k 
Jumper-select in 32k blocks 
Read, Write 

375 ns for Read, Write or Refresh 

525 ns for Read or Write 

Hardware and software compatible with PDP11 

series (except PDP1 1/03) processors 

Compatible with host system, all voltages ±5% 

15.69"Wx8.88"L 

Q-50°C, operating 
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NS11/03 Memory Card 16K x 16 Bits 



TO\\\' 


High Speed 

Double-Density 

Compatibility 

Expandable 
Low Power 
High Reliability 


Capacity: 

basic card 
option 

Address 

Operating Modes 
Cycle Times: 

access 

cycle 

Interface 

Power 

Dimensions 

Temperature 


A double-density random access memory card 
that is fully hardware and software compatible 
with LSI11 and PDP11/03 processors. The 
NS11/03 is a direct plug-in replacement for 
four 4k'cards. 

Features 

400 ns access, 1100 ns full cycle 

16k card replaces four 4k cards 

Plug-in replacement; can be intermixed with 

DEC memory cards 

To 24k or 32k 

11.5W/card 


Specifications 

16k X 16 bits 

8k X 16 bits,, by depopulation 
Jumper-selectable in 4k blocks 
Read, Write, Read/Modify/Write, Refresh 

400 ns 

1100 ns for Read-Modify-Write, 

800 ns for Read, Write or Refresh 
Hardware and software compatible with 
PDP11/03 series processors 
-f-5Vat1.1A: +12Vat0.5A 
10.44"Wx8.9"L 
0-70°C. 
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NS21 Memory Card 1 6K x 1 7 Bits 



A dou ble-density random access memory card for 
replacingtwoSkcardsinthe Hewlett-Packard 21MX 
family of computers. Also for general use, the NS21 
features easy flexibility for large or small systems. 
Use with HP21 MX or NS21 Control Card. 

Features 

Highspeed 335 ns access, 650 ns cycle 

Double-Density 16k card replaces two 8k cards 
Compatibility Plug-in replacement; can be intermixed with HP 
memory/control cards 
Expandable to 192k words 

DIP-Switch Address Select 
Extended Warranty 1 year 

Specifications 

Capacity; 

basic card 16k x 17 bits, expandable to 192k 
option 8k X 17 bits, expandable to 128k 
Address DlP-switch-selectable in 4k blocks 

Operating Modes Read, Write, Refresh 
Access and Cycle Times: 

access 335 ns from address 
290 ns from clock 
full cycle 650 ns 

Interface Standard TTL, hardware and software 

compatible with HP21 MX series processors 
Power ±5V, ± 12.4V; all voltages ±5% 

Dimensions 7.75"W x 8.92"L 

Temperature 0-70°C, operating 
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A random access memory card designed forvideo- 
graphics, computer language storage and other 
cyclic applications. Special features include pro- 
grammableaddressformats.byteselect, on-board 
refresh, and a high speed write-mask mode for 
video-compatible read/update cycles. 


High Speed 
Write-Mask Mode 
Programmable 
Format 

On-Board Refresh 
Simple Interface 

Low Power 


Features 

380 ns Read or Write cycle 
Writes only “zeros” or “ones” 

Selects 32k X 16 or 16k X 32 bit 
Synchronous 

Self-contained, TTL-compatible, standard NS3 
card size 
35 W/card 


Specifications 

Capacity 32k x 16, 16k x 32 (16 bits write) programmable 

Operating Modes Read,Write or Masked Write (copies only “zeros” or 
only “ones” Into memory) 

Access and Cycle Times: 

read or write 340 ns access, 380 ns cycle 
Interface TTL-compatible 

Power -1-12V, -fSV, -5V (optional -h15V, +5V, -5V) 

Dimensions 11.8"W x 15.4"L 

Temperature 0-50°C, operating 
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NS400-N Memory Cards 4K x 8, 9 or 1G Bits 
series 




A selection of high performance, random access 
memory cards that use static NMOS RAM’s to 
eliminate clocks and refresh. Designed for 
simple interfacing and modular flexibility, each 
400-Ncardisacompact,self-contained4kmemory 
system. 


High Speed 
Static RAM’s 
Simple Interface 
Expandable 
Compact 
Low Power 


Features 

300 or 550 ns access time 
No clocks or refresh circuits 
Single +5V supply: tTL compatiblel/0 
4k X 8, 9 or 10 bits, expandable to 32k 
3.93" X 6.3" cards 
5 W/card 


Capacity; 

basic card 
system 

Address 

Operating Modes 
Cycle Tirnes; 

NS400-NS 

NS400-NH 

Interface 

Power 

Dimensions 

Temperature 


Specifications ^ 

4k X 8, 9 or 10 bits, optional 
Expandable to 32k in 4k increments 
Jumper-selectable in 4k blocks 
Read or Write 

550 ns. Read or Write 
300 ns. Read or Write 
Standard TTL-compatible 
-f5V at 1A, each card 
3.93"Wx6.3"L 
0-50°C, operating 
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NS400-C Memory Cards 4K x 8, 9 or 10 Bits 
series 



High Speed 
Static RAM’s 
Simple Interface 
Expandable 
Compact 
Ultra-Low Power 

Wide Voltage 
Range 


Capacity: 

basic card 
system 

Address 

Operating Modes 
Cycle Times: 

NS400-CL 

NS400-CC 

Power 

NS400^CL 

NS400-CC 

Dimensions 

Temperature 


A selection of compact, self-contained 4k mem- 
ory cards that use static CMOS RAM’s to elimi- 
nate refresh and minimize power usage in battery 
back-up applications. Choice of high speed, 
low power NS 400-CL version or ultra-low power 
NS 400-CC version. Simple interfacing, mod- 
ular flexibility. 

Features 

400 or 575 ns access time 
No clocks or refresh circuits 
Single +5V supply 

4k X 8 , 9 or 10 bits, expandable to 32k 
3.93" X 6.3" cards 
Less than 450 mW operating, 5 mW 
standby (-CC) 

3.5 to 5.5V (400-CC) 

Specifications 

4k X 8, 9 or 10 bits, optional 
Expandable to 32k in 4k increments 
Jumper-selectable in 4k blocks 
Read or Write 

400 ns access, 500 ns cycle 
575 ns access, 700 ns cycle 

-f 5V: 1.5W, max. 

+3.5Vto5.5V; 0.5W, max. 

3.93"Wx6.3"L 
0-70°C, operating 
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NS3000-1 Memory Card 1 6K x 20 Bits 



A versatile random-access memory card, plug-in 
compatible with MM3000 core memory cards. 
Switch-selectable options for performance and 
easy interface. Applications: mainframes, mini 
and microcomputers, terminals, data entry, etc. 

Features 

280 ns access, 450 ns cycle 
1 or 2 byte words, byte control 
To 8-card system 

On-board control circuits; three modes 
Late data, parity generation, parity check, bi- 
directional bus 
35W maximum dissipation 

Specifications 

Capacity: 

each card 16kx16, 18 or 20 bits or 32k x 8, 9 or 10 bits 
8-card system 128k x 20 or 256k x 10 bits, max. 

Address 3-bit extension, on-board drivers 

Operating Modes Read, Write, Read /Modify/ Write, Refresh 
Access and Cycle Times: 
access 280 ns 

cycle, standard 450 ns full cycle, 650 ns split cycle 
cycle, core 

compatible 650 ns full cycle, 750 ns split cycle 
refresh Synchronous, asynchronous or address-keyed 

Interface TTL-compatible; plug-in compatibility with 

MM3000 series 

Power Standard -+-12V, -i-5V, -5V 

Optional +15 V, -1-5V, -15V 
Dimensions 11.75"W x15.40"L 

Temperature 0-50°C, operating 

14 

9-11 


High Speed 
Flexibility 
Expandable 
Refresh 

Special Options 
Low Power 
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Memory Systems 


The “Make 
or Buy” 
Decision 


if you can’t decide whether to build your own 
memory or have National build it for you, 
consider the following reasons why our cus- 
tomers have chosen National Semiconductor 
Memory Systems; 

Design Expertise 

We specialize in memory systems. Utilizing Na- 
tional’s memory expertise leaves your engineers 
free to do what they do best. 

Technology Advances 

We provide continual design update to guaran- 
tee against obsolescence. 

Component Availability 

Our long-lead procurement cycle and second- 
sourcing of all components assures uninter- 
rupted memory production. 

Inventory 

We minimize your inventory and simplify your 
purchasing by establishing production rates that 
match your needs. 

Quality 

Our extensive inspection, burn-in and testing 
procedures have required substantial invest- 
ment, but they are essential to guarantee the re- 
liability of National memories. 

Cost-Performance 

Our memories provide the highest performance 
at the lowest cost. 
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National’s Memory Systems Testing 


1 

EVALUATE 

DEVICES 


4 

PURCHASE 

PRODUCTION 

LOT 

m 

f 

2 

CHARACTERIZE 

DEVICES 


5 

QUARANTINE 

COMPONENTS 

m 


3 

GENERATE TEST 
SPECIFICATIONS 

- 

6 

SAMPLE BURN-IN 
24HRS@125°C 


10 

MULTIPLE CARD 
TEST AT MAX 
SPEC. AMBIENT 


VISUAL 

inspection 

DOCUMENTATION 



12 


RELEASE TO 
CUSTOMER 


Components Test 
1 . Evaluate devices; Review sche- 
matics, design rules, process 
characteristics, vendor test pro- 
cedures, in process controls, 
vendor measured characteristics 
2 Characterize devices: Define 
optimum reliable area of opera- 
tion (widest operating margins). 
The process takes 3 to 6 months. 
3. Generate test specifications: 
Specifications written around 
operating margins as defined 
by component characterization. 
8. 100% temperature screen test: 
Component is exercised under 
full voltage margins at 70°C 
ambient. 


System Test 

9. Single card test to meet specifi- 
cations: Use fully loaded card 
tested in macrodata 100 to verify 
if board is operational and satis- 
fies margins at room temperature. 
Multiple card test at maximum 
specification ambient; Boards 
are tested for a minimum of 
24 hours (must run error tree) 
at70°C. 

1 1 . Visual inspection and documen- 
tation: Visual check of work- 
manship and check for complet- 
ness of documentation. 


10 . 
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National 

Semiconductor 


Interface 


DS0025/DS0025C two phasd MOS clock driver 


general description 

The DS0025/DS0025C is monolithic, low cost, 
two phase MOS clock driver that is designed to be 
driven by TTL/DTL line drivers or buffers such as 
the DM932, DS8830 or DM7440. Two input 
coupling capacitors are used to perform the level 
shift from TTL/DTL to MOS logic levels. Optimum 
performance in turn-off delay and fall time are 
obtained when the output pulse is logically con- 
trolled by the input. However, output pulse widths 
may be set by selection of the input capacitors 
eliminating the need for tight input pulse control. 


features 

■ 8-lead TO-5 or 8-lead dual-in-line package 

■ High Output Voltage Swings— up to 30V 

■ High Output Current Drive Capability-up to 
1.5A 

■ Rep. Rate: T.O MHz into > 1000 pF 

■ Driven by DM932, DS8830, DM7440 {SN7440) 

■ "Zero" Quiescent Power 


connection diagrams 

Metal Can Package 
VV 



Note: Pin 4 canpected to case. 

TOpJfEW 

Order Number DS0025H or OS0025CH 
See Package 23 

typical application 


Dual-In-Line Package 



Order Number DS0025CN 
See Package 1 2 



A. I.Oa-s 

B. 200 ns 
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DS0025/DS0025C 




DS0026, DS0056 



National 

Semiconductor 


Interface 


DS0026, DS0056 5 MHz two phase MOS clock drivers 


general description 

DS0026/DS0056 are low cost monolithic high speed 
two phase MOS clock drivers and interface circuits. 
Unique circuit design provides both very high speed 
operation and the ability to drive large capacitive loads. 
The device accepts standard TTL/DTL outputs and 
converts them to MOS logic levels. They may be driven 
from standard 54/74 series and 54S/74S series gates 
and flip-flops or from drivers such as the DS8830 or 
DM7440. The DS0026 and DS0056 are intended for 
applications in which the output pulse width Is logically 
controlled; i.e., the output pulse width is equal to the 
input pulse width. 

The DS0026/DS0056 are designed to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon-gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for a 8k by 16-bit 
1103 RAM memory system. Information on the correct 
usage of the DS0026 In these as well as other systems Is 
included in the application note AN-76A. 

The DS0026 and DS0056 are identical except each 
driver in the DS0056 Is provided with a Vge connection 
to supply a higher voltage to the output stage. This aids 


in pulling up the output when it is In the high state. An 
external resistor tied between these extra pins and a 
supply higher than will cause the output to pull up 
to (V^ - 0.1V) in the off state. 

For DS0056 applications, it Is required that an external 
resistor be used to prevent damage to the device when 
the driver switches low. A typical Vge connection is 
shown on the next page. 

These devices are available in 8-lead TO-5, one watt 
copper lead frame 8-pin mini-DIP, and one and a half 
watt ceramic DIP, and TO-8 packages. 

features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing— 20V 

■ High output current drive— ±1.5 amps 

■ TTL/DTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0" state— 2 mW 

■ Drives to 0.4V of GND for RAM address drive 


connection diagrams (Top Views) 

TO-5 Package 


Ouai-ln-Line Package 

NC OUT A V+ OUTB 



Note: Pin 4 connected to case. 

Order Number DS0026H 
or DS0026CH 
See Package 23 



TO-8 Package 


Dual-1 n-Line Package 

NC OUTB NG IMB NC NC 



Order Number DS0026CN 
See Package 12 


Order Number OS0026G 
or DS0026CG 
See Package 25 


Order Number DS0026J, DS0026CJ 
or DS0026W 
See Package 9 or 27 


TO-5 Package 


Dual-In-Line Package 



Note; Pin 4 connected to case. 

Order Number DS0056H 
or DS0056CH 
See Package 23 



Vbba in a V“ INB 

Order Number DS0056CN 
See Package 12 


TO-8 Package 

IN A 


Dual-i n-Line Package 



Order Number DS0056G 
or DS0056CG 
See Package 25 



or DS0056CJ 
See Package 9 
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National 

Semiconductor 


Interface 


DS1603/DS3603. DS3604, DS55107/DS75107, 
DS55108/DS75108, DS75207, DS75208 dual line receivers 


general description 

The nine products described herein are TTL 
compatible dual high speed circuits intended for 
sensing in a broad range of system applications. 
While the primary usage will be for line receivers 
or MOS sensing, any of the products may effec- 
tively be used as voltage comparators, level trans- 
lators, window detectors, transducer preamplifiers, 
and in other sensing applications. As digital line 
receivers the products are applicable with the 
DS55109/DS75109 and DS551 10/DS751 10 com- 
panion drivers, or may be used in other balanced 
or unbalanced party-line data transmission systems. 
The improved input sensitivity and delay specifi- , 
cations of the DS75207, DS75208 and DS3604 
make them ideal for sensing high performance 
MOS memories as well as high sensitivity line 
receivers and voltage comparators. TRI-STATE® 
products enhance bused organizations. 


features 

■ Diode protected input stage for power "OFF" 
condition 

■ 17 ns typ high speed 

■ TTL compatible 

■ ±10 mV or ±25 mV input sensitivity 

■ ±3V input common-mode range 

■ High input impedance with normal Vq^, or 
Vcc-OV 

■ Strobes for channel selection 

■ TRI-STATE outputs for high speed buses 

■ Dual circuits 

■ Sensitivity gntd. over full common-mode range 

■ Logic input clamp diodes— meets both "A" and 
"B" version specifications 

■ ±5V standard supply voltages 


connection diagrams 

Dual-1 n-Line Package Oual-ln-Line Package 




TOP VIEW 

Order Number DS55107J, DS75107J, 
OS55108J, DS75108J, DS75207J 
or DS75208J 
See Package 9 

Order Number DS75107N, DS75108N, 
DS75207N or DS75208N 
See Package 14 

Order Number DS55107W or DS55108W 
See Package 27 

product selection guide 


TOPylEW . 


Order Number DS1603J, DS3603J 
DS3604J or DS1603W 
See Package 9 or 27 
Order Number OS3603N or DS3604N 
See Package 14 


TEMPERATURE* 
PACKAGE-* 
INPUT SENSITIVITY^ 
OUTPUT LOGIC! 

-55°C<Ta <+125°C 
CAVITY DIP 

0°C<Ta <+70°C 
CAVITY OR MOLDED DIP 

±25 mV 

±25 mV 

±10 mV 

TTL Active Pull-up 

DS55107 

DS75107 

DS75207 

TTL Open Collector 

DS55108 

DS75108 

DS75208 

TTL TRI-STATE 

DS1603 

1 ^ 

DS3603 

DS3604 
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DS1605/DS3605, DS1606/DS3606, DS1607/DS3607, DS1608/DS3608 



National 

Semiconductor 


Interface 


DS1605/DS3605, DS1606/DS3606. DS1607/DS3607, 
DS1608/DS3608 hex MOS sense amplifiers (MOS to TTL converters) 


general description 

The DS3605 series is a new series of programmable 
hex MOS sense amplifiers featuring high speed direct 
MOS sense capability with high impedance states to 
allow use of a common bus line. The DS1605/DS3605 
and the DS1606/DS3606 have TRI-STATE® outputs. 
The DS1607/DS3607 and DS1608/DS3608 have both 
TRI-STATE inputs and outputs. High impedance states 
are controlled by an enable input. 

Input current threshold (the level at which the output 
changes state) is determined by the current at the 
programming pin. The current threshold is lOO/iA with 
the programming pin grounded and 250juA with the pin 
unconnected. The threshold can be set from 100/iA to 
300/iA by connecting a resistor from the pin to ground, 
and set above 300/uA by connecting a resistor from the 
pin to the positive supply. 


Outputs are high current drivers capable of sinking 
50 mA in the low state and sourcing 5 mA in the high 
state. 

features 

■ Non-inverting inputs (DS1605/DS3605, DS1607/ 
DS3607) 

■ Inverting inputs (DS1606/DS3606, DS1608/DS3608) 

■ No external components required (direct MOS sensing) 

■ Programmable input thresholds 

■ Current sensing— IOO mA minimum 

■ 50 mA drive capability 

■ TRI-STATE control 

■ Single 5V supply 

■ 15 ns typical propagation delay (DS3605) 


connection diagram 


DuaMn-Line Package 

Vcc DISABLE INe OUT,; IN<, OUTg IN^ OUT4 



1.5 

14 

13 

12 

11 

10 9 


L 

u 


u 



1 

i 

1 

M 

i 

1 

M 

i 



2 



5 • 

B 

’ T 


IpROG IN, OUT, IN2 OUTp IN3 OUT3 GNO 
•TOP VIEW 


ordering information 


ORDER NUMBERS 

PACKAGE 

DS1605J, DS1606J, DS1607J, DS1608J 
DS3605J, DS3606J, DS3607J, DS3608J 
DS3605N, DS3606N, DS3607N, DS3608N 

Cavity DIP (J) 
Cavity DIP (J) 
Molded DIP (N) 


See Package 1 0 or 15 


typical application 


PACE Interface 



DS3608 shown as an interface between the PACE 
microprocessor and TTL data bus and I/O bus. 
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National 

Semiconductor 


DS3625 dual high speed MOS sense amp 


Interface 


general description 

The DS3625 Is a dual high speed MOS to TTL level 
converter. It acts as an interface level converter between 
MOS and TTL logic devices. It consists of two 1-input 
converters with common strobe input to inhibit "0" 
entry when strobe is high. It allows parallel entry when 
strobe is low and the internal latch is preset by the com- 
mon preset input. TRI-STATE® output logic is imple- 
mented in this circuit to facilitate high speed time shar- 
ing of decoder-drivers, fast random-access (or sequential) 
memory arrays, etc. 


features 

■ Easily interfaces with most popular Ik and 2k 
dynamic MOS RAMs 

■ Pin-for-pin replacement for the 8T25 

■ Very low output impedance — high drive ability 

■ High impedance output state which allows many out- 
puts to be connected to a common bus line 

■ Average power dissipation 110 mW per converter 


logic and connection diagrams 



Dual-ln-Line Package 



Order Number DS3625N 
See Package 12 
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DS3625 



DS3629 


National 

Semiconductor 


DS3629 memory driver with decode inputs 
general description 


The DS3629 is a monolithic memory driver which 
features two 400 mA (source/sink) switch pairs along 
with decoding capability from four address lines. Inputs 
B and C function as mode selection lines (source or 
sink) while lines A and D are used for switch-pair 
selection (output pair Y/Z or W/X). The DS3629 has 
the same pin-out and function as the DS75324 except 
that the source emitter voltage capability has been 
raised from 3V to 7V. This allows the DS3629 to drive 
larger memory systems at the same current levels of the 
DS75324. 

features 

■ Source emitter voltage of 7V (max) at 400 mA source 

schematic and connection diagrams 


Identical pin-out and function as DS75324 

400 mA output capability 

High voltage outputs 

Dual sink/source outputs 

Internal decoding and timing circuitry 

Fast switching times 

DTL/TTL compatible 

Input clamping diodes 



Dual-ln-Line Package 

OUTPUT SOURCE OUTPUT OUTPUT 
Y CQLLEC- X W 

Vfx (SOURCE) TORS (SOURCE) (S1(«K) 



Dual-ln-Line Package 

OUTPUT SOURCE OUTPUT OUTPUT 

V COUEC- X W 

(SOURCE) TORS (SOURCE) (SINK) 



Order Number DS3629J 
See Package 10 


Order Number DS3629N 
See Package 14 
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Semiconductor 


Interface 

Advance Information* 


DS1640/DS3640, OS1670/DS3670 
general description 

The DS1640/DS3640 and DS1670/DS3670 are quad 
IVIOS TRI-SHARE port drivers with outputs designed to 
drive large capaeitiye loads up to 500 pF associated 
with MOS memory systems. PNP input transistors are 
employed to reduce input current, allowing the large 
fan-out to these drivers needed in memory systems. 
The circuit has Schottky-clamped transistor logic for 
minimum propagation delay. 

The DS1640/DS3640 has a 15 ohm resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1670/DS3670 has 
a direct, low impedance output source for use with or 
without an external resistor. 

The DS1640/DS1670 has two address inputs which 
decode to one-of-four-high outputs. Provisions are made 

logic and connection diagrams 


quad MOS TR I -SHARE -port drivers 


for address expansion. For example, two packages may 
be used to implement a three-input, eight-outp ut decoder. 
Also included is a refresh control, read/write, and strobe 
input. These functions are required by the MM5270 
4k TRI-SHARE MOS RAM. 


features 

■ TRI-SHARE port driver for MM5270 RAM 

■ TTL/DTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driving outputs 

■ Built-in damping resistor (DS1640/DS3640) 


Dual-in-Line Package 




schematic diagram 


Order Number DS1640J, DS1670J, DS3640J, 
DS3670J, DS3640N or DS3670N 
See Package 9 or 14 



♦Specifications may change. 
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/DS3640; DS1670/DS3670 




DS1642/DS3642, DS1672/DS3672 



National 

Semiconductor 


Interface 

Advance Information* 


DS1642/DS3642, DS1672/DS3672 
general description 

The DS1672 is a dual bipolar-to-MOS clock driver 
designed to provide high output current and voltage capa- 
bilities necessary for driving high capacitance (up to 
500 pF) MOS memory systems. The circuit needs only 
one power supply, (12V typical). This feature greatly 
reduces high stand-by power levels and at the same time 
simplifies system design. 

The circuit also features output bootstrapping capability. 
This feature eliminates the need for an additional high 
level supply to provide a higher voltage to the output 
stage. The function is accomplished by connecting a 
small value capacitor (typically 200 pF) from each 
output to each driver's bootstrap pin. 

The circuit has Schottky-clamped transistor logic for 
minimum propagation delay. Typical stand-by power 
(output low) is 45 mW per driver. A fail-safe condition 


dual bootstrapped MOS clock driver 

is provided for in the circuit, so if the input is opened 
the output assumes the logic "0" state. 

The DS1642/DS3642 has a 10 ohm resistor in series 
with each output to dampen transients caused by the 
fast-switching output. The DS1672/DS3672 has a direct 
low impedance output for use with or without an 
external resistor. 

features 

■ 15V output voltage capability 

■ TTL/DTL compatible inputs 

■ High speed operation 

■ Bootstrapping eliminates extra supplies— reduces 
power 

■ 45 mW/driver stand-by power 

■ Built-in 10 ohm damping resistor (DS1642/DS3642) 


schematic diagram 



Metal Can Package 


Dual-ln-Line Package 


Dual-ln-Line Package 




Order Number DS1642H, OS3642H, 
DS1672H or DS3672H 
See Package 23 


Order Number DS3642N 
or DS3672N 
See Package 1 2 


NC 

Order Number DS1642J, DS3642J, 

DS1672J or DS3672J 
See Package 9 

♦Specifications may change. 
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National 

Semiconductor 


Interface 

Advance Information* 


DS3643r DS3673 decoded quad MOS clock drivers 


general description 

The DS3643 and DS3673 are quad bipolar-to-MOS 
decoder/clock drivers with TTL/DTL compatible inputs. 
They are designed to provide high output current and 
voltage capabilities necessary for optimum driving of 
high capacitance N-channel MOS memory systems. 

The device features full decoding of input address lines 
from two inputs to one of four outputs. Also featured is 
the capability of expanding to three inputs to one of 
eight outp uts with the use of the Expansion and 
Expansion inputs. Also included are clock and refresh 
inputs. 

The circuit was designed for driving large capacitive 
loads at high speeds and uses Schottky-clamped transis- 
tors. PNP transistors are used on all inputs, thereby 
minimizing input loading. 

The DS3643 has a 10 T2 damping resistor in series with 
each output to dampen transients caused by the fast 


switching output, while the DS3673 has a direct, low 
impedance output, for use with or without an external 
resistor. 


features 

■ TTL/DTL compatible inputs 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize input loading 

■ Full logic decoding for either two inputs to one of 
four outputs or three inputs to one of eight outputs 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Built-in damping resistors {DS3643) 


logic and connection diagrams 


A1 



truth table 


DuaMn-Line Package 

Vcci OUT 4 CLK RFSH EXPN OUT 3 Vcc3 



Order Number DS3643J 
or DS3643N 
Order Number DS3673J 
or DS3673N 
See Package 9 or 1 4 


INPUTS 1 

OUTPUTS 

CLOCK 

REFRESH 

EXPANSION 

EXPANSION 

A2 

Ai 

OUT 1 

OUT 2 

OUT 3 

OUT 4 

1 

X 

X 

X 

X 

X 

0 

0 

0 

0 

0 

1 

X 

X 

X 

X 

1 

1 

1 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 . 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

0 

1 

1 

X 

X 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

0 

0 

p 

0 

0 

0 

0 

0 

X 

X 

0 

0 

0 

0 


X = Don't Care State. ‘Specifications may change. 
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DS3643, DS3673 




DS1644/DS3644, DS1674/DS3674 




National 

Semiconductor 


Interface 

Advance Information* 


DS1644/DS3644, DS1674/DS3674 
general description 

The DS1644/DS3644 and DS1674/DS3674 are quad 
bipolar-to-MOS clock drivers with TTL/DTL compatible 
inputs. They are designed to provide high output current 
and voltage capabilities necessary for optimum driving 
of high capacitance N*channel MOS memory, systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The circuit may be connected to provide a 12V clock 
output amplitude as required by 4k RAMs or a 5V clock 
output amplitude as required by 16k RAMs. 

The DS1644/DS3644 contains a lOH resistor in series 
with each output to dampen the transients caused by 
the fast-switching output, while the DS1674/DS3674 


quad TTL to MOS clock drivers 

has a direct, low impedance output for use with or 
without an external damping resistor. 

features 

■ TTL/DTL compatible inputs 

■ 12V clock or 5V clock driver 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Pin and function compatible with MC3460 and 
3235 

■ Built-in damping resistors (DS1644/DS3644) 







National 

Semiconductor 


Interface 

Advance Information* 


DS1645/DS3645, DS1675/DS3675 

hex TRI-STATE® TTL to MOS latch/drivers 


general description 

The DS1645/DS3645 and DS1675/DS3675 are hex 
MOS latch/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP Input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TRI-STATE® outputs which 
allow bus operation. 

The DS1645/DS3645 has a 1512 resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1675/DS3675 
has a direct, low impedance output for use with or 
without an external resistor. 


The circuit employs a fall-through-latch which captures 
the data in parallel with the output, thereby eliminating 
the delay normally encountered In other latch circuits. 
The DS1645/DS3645 and DS1675/DS3675 may be 
used for input address lines or iriput/output data lines 
of a MOS memory system. 

features 

■ TTL/DTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driving outputs 

■ TRI-STATE outputs 

■ Built-in damping resistor (DS1645/DS3645) 


logic and connection diagrams 



truth table 


Dual- In-Line Package 

OUT _ _ _ 

VCC DSBL OATAF “F DATA E DATA D “O 



Order Number DS1645J, DS1675J, DS3645J, 
OS3675J, DS3645N or DS3675N 
See Package 10 or 15 


INPUT 

ENABLE 

OUTPUT 

DISABLE 

DATA 

OUTPUT 

OPERATION 

1 

0 

1 

0 

Data Feed-Through 

1 

0 

0 

1 

Data Feed-Through 

0 

0 

X 

Q 

Latched to Datk Present 
when Enable Went Low 

X 

1 

X 

Hi-Z 

High Impedance Output 


X = Don't care 

Hi-Z = TRI-STATE mode 
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DS1645/DS3645, DS1675/DS3675 



DS1646/DS3646, DS1676/ DS3676 



National 

Semiconductor 


Interface 

Advance Information* 


DS1646/DS3646, DS1676/DS3676 6-bit TRI-STATE® 
MOS refresh counter/driver 


general description 

The DS1646/DS3646 and DS1676/DS3676 are 6-bit 
refresh counters with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed 
to reduce input currents. The circuit has Schottky- 
clamped transistor logic for minimum propagation delay, 
and TRI-STATE outputs allow it to be used on common 
data buses. 

The DS1646/DS3646 has a 15^2 resistor in series with 
the outputs to dampen transients caused by the fast 
switching output circuit. The DS1676/DS3676 has 
a direct, low impedance output, for use with or without 
an external resistor. 

The counter uses as its input the RAM clock signal, and 


with each clock input, it advances the count by one, 
thus generating a new refresh address. 

Extra pins in the package are used for a 2-input NAND 
gate and a 2-input NOR gate, both of which have capa- 
citive drive outputs. 

features 

■ Circuit counts when clock goes high 

■ TTL/DTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driver outputs 

■ TRI-STATE outputs 

■ Extra gates on unused pins 

■ Built-in damping resistor (DS1646/DS3646) 

■ Initialize input 


logic diagram 


OUTl OUT 2 OUT 3 OUT 4 OUT 5 OUT 6 



ENABLE 


6k 


66 6 
A B 0 


connection diagram 


Dual-1n-Line Package 

OUT 

VCC ENBL OUT 6 OUTS 0UT4 D 0 INIT 



Order Number DS1646J, DS1676J, DS3646J, 
DS3676J, DS3646N. or DS3676N 
See Package 10 or 15 


typical application 

The DS1646/DS3646 and DS1676/DS3676 have TRI- 
STATE outputs which can be tied to the outputs of 
another TRI-STATE driver. The refresh counter can 
control the address lines into a memory array during 
a short refresh cycle, and then return to the high- 
impedance state to allow the primary driver to control 
the address lines. 



‘Specifications may change. 
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National 

Semiconductor 


Interface 

Advance Information* 


DS1647/DS3647, DS1677/DS3677, DS16147/DS 36147, DS16177/DS36177 
quad TRI-STATE® MOS memory I/O registers 


general description 

The DS1647/DS3647 series are 4-bit I/O buffer registers 
intended for use in MOS memory systems. The circuits 
employ a fall-through latch for data storage. This method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 
The circuits use Schottky-clamped transistor logic for 
minimum propagation delay and employ PNP input 
transistors'so that input currents are low, allowing large 
fan-out to these circuits needed in a memory system. 

Two pins per bit are provided, and data transfer is bi- 
directional so that the register can handle both input and 
output data. The direction of data flow is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs. Data can be 
latched into the register independent of the output 
disables or EXPANSION input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPANSION pin disables both 
outputs to facilitate multiplexing with other I/O regis- 
ters on the same, data lines. 

The port outputs in the DS16147/DS36147 and 
DS16177/DS36177 are open collectors, and in the 


DS1647/DS3647 and DS1677/DS3677 they are TRI- 
STATE. The "B" port outputs are also designed for use 
in bus organized data transmission systems and can sink 
80 mA and source —5.2 mA. The "A” port outputs in 
all four types are TRI-STATE. 

Data going from port "A" to port "B" is inverted in the 
DS1647/DS3647 and DS1 6147/DS36147 and is not 
inverted in the DS1677/DS3677 and DS16177/DS36177. 
Data going from port ''B" to port "A" is inverted in 
all four types. 

features 

■ PNP inputs minimize loading 

■ Fall-through latch design 

■ Propagation delay of only 15 ns 

■ TRI-STATE outputs 

■ EXPANSION control. 

■ Bi-directional data flow 

■ TTL/DTL compatible 

■ Transmission line driver output 


logic and connection diagrams 


I ^ — , 



^Inverting DS1647/DS3647 and DS16147/DS36147 only 
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DS1647/DS3647, DS1677/DS3677, DS16147/DS36147, DS16177/DS36177 




DS1648/DS3648, DS1678/DS3678 


National 

Semiconductor 


I nterf ace 

Advance Information* 


DS1648/DS3648, DS1678/DS3678 TRI-STATE® MOS multiplexer/d rivers 
general description 


The DS1648/DS3648 and DS1678/DS3678 are quad 
2-input multiplexers with TRI-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems. A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced. The 
circuit employs Schottky-clamped transistors for high 
speed and TRI-STATE outputs for bus operation. 

The DS1 648/DS3648 has a 15 ohm resistor in series 
with the outputs which dampens the transients caused 
by the fast-switching output circuit, while the DS1678/ 

logic and connection diagrams 


DS3678 has a direct, low impedance output for use 
with or without an external resistor. ' 

features 

■ TRI-STATE outputs interface directly with system 
bus 

■ Schottky-clamped for better ac performance 

■ PNP inputs to minimize input loading 

■ DTL and TTL compatible 

■ High-speed capacitive load drivers 

■ Built-in damping resistor (DSI 648/DS3648 only) 


Dual-In-Line Package 


( 3 ) 


0 < 5 ) 





,, ) 





q(11) 






-_J 

( 14 ) 





:H) 

^( 13 ) 







schematic diagram 


OUTPUT 

CONTROL A4 



Y1 A2 82 Y2 GND 

OUTPUT ' • ' OUTPUT 

INPUTS 


Order Number DS1648J, OS1678J, DS3648J, OS3678J, 
DS3648N or DS3678N 
See Package 10 or 15 



15(0S1648/DS3648 ONLY) 
VW— O OUTPUT 


•Specifications may change. 
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National 

Semiconductor 


Interface 

Advance Information* 


DS1649/DS3649, DS1679/DS3679 Hex TRI-STATE® MOS drivers 


general description 

The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and TRI-STATE outputs for bus operation. 

The DS1 649/DS3649 has a 15 ohm resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output. The DS1679/DS3679 has a direct low 


schematic diagram 


impedance output for use with or without an external 
resistor. 

features 

■ High speed capabilities 

• Typ 7 ns driving 

• Typ 25 ns driving 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 ohm damping resistor (DS1649/DS3649) 

■ Same pin-out as DS8096 and DS74366 


r 

pj 1 

^ — 

* 

• 

NTERNAL 

LOGIC 

IRCUITRY 

iq 

1 

1 

1 

< 

-J ^ 


15(DS1649/DS3649 0NLY) 
VW— O OUTPUT 


connection diagram 

DuaMn-Line Package 


typical application 



DIS1 INI 0UT1 IN 2 OUT 2 IN 3 OUT 3 GNO 


Order Number DS1649J, DS1679J, 
DS3649J, DS3679J, DS3649N 
or DS3679N 
See Package 10 or 15 


truth table 

DISABLE INPUT 
DIS1 I DIS2 


C = Don't care 

li-Z = TRI-STATE mode 



ADDRESS OB 1 
COUNT SELECT 

"0" ADDRESS 
"1" COUNTER 



I I 


•Specifications may change. 
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I/DS3649, DS1679/DS3679 





DS3651, DS3653 



National 

Semiconductor 


Interface 

Advance Information* 


DS3651, DS3653 quad high speed 
general description 

The DS3651 and DS3653 are TTL compatible high speed 
circuits intended for sensing in a broad range of MOS 
memory system applications. Switching speeds have been 
enhanced over conventional sense amplifiers by applica- 
tion of Schottky technology, and TRI-STATE® strobing 
is incorporated offering a high impedance output state 
for bused organization. 

The DS3651 has active pull-up outputs, and the DS3653 
offers open collector outputs providing implied "AND" 
operations. 


MOS sense amplifiers 
features 

■ High speed 15ns(typ) 

■ TTL compatible 

■ Input sensitivity ±7 mV 

■ TRI-STATE outputs for high speed buses 

■ Standard supply voltages ±5V 

■ Pin and function compatible with MC3430 and 
MC3432 


connection diagram 

Duai-ln-Line Package 


truth table 



TOP VIEW 

Order Number DS3651J, DS3653J, DS3651N 
or DS3653N 
See Package 10 or 15 



STROBE 

OUTPUT 

INPUT 

DS3651 

DS3653 

V|D >+7.0mV, 

L 

H 

Open 

Ta = 0°C to +70°C 

H 

Open 

Open 

-7.0 mV< V,D <+7.0 mV 

L 

X 

X 

Ta = 0°C to +70°C 

H 

Open 

Open 

V|D<-7.0mV 

L 

L 

L 

Ta = 0°C to +70°C 

H 

Open 

Open 


L = Low logic state 
H = High logic state 
Open = TR I -STATE 
X = Indeterminate State 


typical applications 

A Typical MOS Memory Sensing Application for a 4k word by 4-bit 
memory arrangement employing 1 103 type memory devices 
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Semiconductor 


Interface 

Advance Information* 


DS1671/DS3671 bootstrapped two phase MOS clock driver 


general description 

The DS1671/DS3671 is a high speed dual MOS clock 
driver and interface circuit. Unique circuit design pro- 
vides both very high speed operation and the ability 
to drive large capacitive loads. The device accepts 
standard TTL/DTL outputs and converts them to MOS 
logic levels. It may be driven from standard 54/74 
and 54S/74S series gates and flip-flops or from drivers 
such as the DS8830 or DM7440. The circuit can be used 
in both P-channel and N-channel MOS memory system 
drive applications. 

The DS1671/DS3671 is intended to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
Input address and precharge drive for an 8k by 16-bit 
1103 RAM memory system. 


Each driver uses output bootstrapping to provide a 
higher voltage to the output stage, thus eliminating the 
need for an additional Vpo supply. The bootstrapping 
function is accomplished by connecting a small value 
capacitor {typically 200 pF) from each output to each 
drivers bootstrap node. 

features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing— 20V 

■ High output current drive— ±1.5A 

■ TTL/DTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0" state— 2 mW 

■ Swings to 0.4V of GND for RAM address drive 


connection diagrams 


Metal Can Package 


Dual-1 n-Line Package 

0UT1 BZ OUTZ 



Order Number DS1671H 
orDS3671H 
See Package 23 


Dual- 1 n-Line Package 



BZ OUTZ NC IN2 NC NC 



Order Number DS3671N 
See Package 1 2 


NC B1 0UT1 NC INT NC 


Order Number DS1671J or DS3671J 
See Package 9 


typical applications 




DS3671 Operating with Extra Supply 
to Inhance Output Voltage Level 


Bootstrap Clock Driver Driven from a TTL Gate 


‘Specifications may change. 
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DS1671/DS3671 



DS16149/DS36149, DS16179/DS36179 



National 

Semiconductor 


Interface 

Advance Information* 


DS16149/DS36149, DS16179/DS36179 Hex MOS drivers 


general description 

The DS16149/DS36149 and DS1 61 79/DS361 79 are 
Hex MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and a disable control that places the, outputs in 
the logical "1" state (see truth table). This is especially 
useful in MOS RAM applications where a set of address 
lines has to be in the logical "1" state during refresh. 

The DS16149/DS36149 has a 15 ohm resistor in series 
with the outputs to dampen transients caused by the 


fast-switching output. The DS16179/DS36179 has a 
direct low impedance output for use with or without 
an external resistor. 

features 

■ High speed capabilities 

• Typ 7 ns driving 50 pF 

• Typ 25 ns driving 500 pF 

■ Built-in 15 ohm damping resistor (DS16149/DS36149) 

■ Same pin-out as DS8096 and DS74366 



connection diagram 

Dual-ln-Line Package 


typical application 



DS36179J, DS36149N or DS36179N 
See Package 10 or 1 5 

truth table 


DISABLE INPUT 

INPUT 

OUTPUT 

DIS 1 

DIS 2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

1 

1 

0 

X 

1 

1 

1 

X 

1 


X = Don't care 



"0" ADDRESS 
"1" COUNTER 


‘Specifications may change. 


10-18 



National 
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DS55109/DS75109, DS55110/DS75110 dual line drivers 
general description 

These products are TTL compatible high speed ■ Highspeed 15 ns max 

differential line drivers intended for use in termi- _ ..... ^ ■ . 

. ■ . , ■ Wide output common-mode range 

nated twisted-pair party-line data transmission 

systems. They may also be used for level shifting ■ High output inhpedaflce 

since output common-mode range is -3V to +10V. ' , . , ^ 

An internal current sink is switched to either 

output dependent on input logic conditions. The ■ Current sink outputs 6 or 12mA 

current sink may be turned off by appropriate _ , 

inhibit, input conditions. 

fGatUraS " standard supply voltages ±5V 

■ Input clamp diodes 

■ Tightly controlled output currents over tem- 
perature, Vcc- 3nd common-mode variations ■ 14 pin cavity or molded DIP 


schematic diagram connecti 


connection diagram 

DuaHn-Line Package 



Note 1 : 1/2 of ttie dual circuit shown. 

Note 2: *lndicates connections common to second half of ci 



Order Number DS551 09J, DS551 1 0J, 
DS75109J or DS75110J 
See Package 9 

Order Number DS75109N or DS75110N 
See Package 14 


typical application 

Party-Line Data Transmission System 

RECEIVERS IDSrSIOT/DSrSlOH 
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*Specifications may change 
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S55109/DS75109, DS55110/DS75110 





DS55121/DS75121 


National 

iut Semiconductor 


Interface 


DS55121/DS75121 dual line drivers 
general description 

The DS55121/DS751 21 are monolithic dual line 
drivers designed to drive long lengths of coaxial 
cable, strip line, or twisted pair transmission lines 
having impedances from 50 to 500 ohms. Both 
are compatible with standard TTL logic and 
supply voltage levels. 

The DS55121/DS751 21 will drive terminated low 
impedance lines due to the low-impedance emitter- 
follower outputs. In addition the outputs are 
uncommitted allowing two or more drivers to 
drive the same line. 

Output short-circuit protection is incorporated 
to turn off the output when the output voltage 
drops below approximately 1.5V. 

connection diagram 

Dual-ln-Line Package 

Vcc F2 F2 02 C2 B2 A2 Y2 



A1 B1 Cl D1 El FI Y1 GND 

TOP VIEW 

Order Number DS55121J, DS75121J, DS75121N 
or DS55121W 
See Package 10, 15 or 28 


features 

■ Designed for digital data transmission over 50 
to 500 ohms coaxial cable, strip line, or 
twisted pair transmission lines 

■ TTL compatible 

■ Open emitter-follower output structure for 
party-line operation 

■ Short-circuit protection 

■ AND-OR logic configuration 

■ High speed (max propagation delay time 20 ns) 

■ Plug-in replacement for the SN551 21/SN75121 
andtheSTIS 

typical performance 
characteristics 

Output Current vs Output Voltage 
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truth table 


A 

B 

INPUTS 
C D 

E F 

OUTPUT 

Y 

H 

H 

H 

H 

X X 

H 

X 

X 

X 

X 

H H 

H 

All 

Other 

nput Combinations 

L 


H = high level, L = low level, X = irrelevant 


ac test circuit and switching time waveforms 



1 

PULSE t 1 ..J J 

(NOTED 1 



N 1 



i__ 


» 37 (NOTE B) 


OUTPUT 1,5V. 

VoL— ' 


Note 1; The pulse generators have the following characteristics; . 
Zqut ^ 50s J. tw = 200 ns, duty cycle = 50%, t, = tf = 5,0 ns 
Note 2; includes probe and jig capacitance. 
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DS55122/DS75122 triple line receivers 
general description features 


The DS55122/DS75122 are triple line receivers 
designed for digital data transmission with line 
impedances from 5012 to 50012. Each receiver has 
one input with built-in hysteresis which provides a 
large noise margin. The other inputs on each 
receiver are in a standard TTL configuration. The 
DS55122/DS75122 are compatible with standard 
TTL logic and supply voltage levels. 


■ Built-in input threshold hysteresis 

■ High speed . . . typical propagation delay time 
20 ns 

■ Independent channel strobes 

■ Input gating increases application flexibility 

■ Single 5.0V supply operation 

■ Fanout to 10 series 54/74 standard loads 

■ Plug-in replacement for the SN551 22/SN751 22 
and the 8T14 


connection diagram truth table 


Dual-In-Line Package 



A 

INPUTS 

R 

S 

OUTPUT 

Y 

H 

H 

X 

X 

'L , 

X 

X 

L 

H 

L ■■ 

L 

X 

H 

X 

H 

L 

X 

X 

L 

H 

X 

L 

H 

X 

H 

X 

L 

X 

L 

H 


H - high level, L = low level; X = irrelevant 
input and last two lines of the truth table 
are applicable to receivers 1 and 2 only. 


TOP VIEW 

Order Number DS55122J, DS75122J. DS75122N 
orDS55122W 
See Package 1 0, 1 5 or 28 


ac test circuit and switching time waveforms 



Note 1; The pulse generator has the following characteristics: 
Zqut <vv = 200 ns, duty cycle = 50%, t, = tj = 5.0 ns. 

Note 2:i Cl includes probe and jig capacitance. 
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DS75123 dual line driver 
general description 

The DS75123 is a monolithic dual line driver 
designed specifically to meet the I/O interface 
specifications for IBM System 360. It is com- 
patible with standard TTL logic and supply voltage 
levels. 


features 

■ Meet IBM System 360 I/O interface specifica- 
tions for digital data transmission over 50^2 to 
500n coaxial cable, strip line, or terminated 
pair transmission lines 

■ TTL compatible with single 5.0V supply 


The low-impedance emitter-follower outputs of 
the DS75123 enable driving terminated low im- 
pedance lines. In addition the outputs are un- 
commited allowing two or more drivers to drive 
the same line. 

Output short-circuit protection is incorporated 
to turn off the output when the output voltage 
drops below approximately 1.5V. 


■ 3.11V output at Iqh ” “59.3 mA 

■ Open emitter-follower output structure for 
party-line operation 

■ Short circuit protection 

■ AND-OR logic configuration 

■ Plug-In replacement for the SN75123 and the 
8T23 


connection diagram 

Dual-1 n-Line Package 

Vcc F2 E2 DZ CZ B2 A2 YZ 
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typical performance 
characteristics 


Output Current vs Output Voltage 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Vo -OUTPUT VOLTAGE (V) 


Order Number DS75123J 
See Package 10 


truth table 


Order Number DS75123N 
See Package 1 5 


INPUTS 

OUTPUT 

ABC D E F 

Y 

H H H H X X 

H 

X X X X H H 

H 

All Other Input Combinations 

L 


H = high level, L = low level, X = irrelevant 


ac test circuit and switching time waveforms 



Note 1: THE PULSE GENERATORS HAVE THE FOLLOWING CHARACTERISTICS: Zqut ^ 50S2, 
tyv = 200 ns, DUTY CYCLE = 50%. 

Note 2; C, INCLUDES PROBE AND JIG CAPACITANCE. 
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DS75124 triple line receivers 


general description 


features 


The DS75124 is designed to meet the input/ 
output interface specifications for IBM System 
360. It has built-in hysteresis on one input on 
each of the three receivers to provide large noise 
margin. The other inputs on each receiver are in 
a standard TTL configuration. The DS75124 is 
compatible with standard TTL logic and supply 
voltage levels. 


Built-in input threshold hysteresis 

High speed . . typ propagation delay time 20 ns 

Independent channel strobes 

Input gating increases application flexibility 

Single 5.0V supply operation ^ 

Plug-in replacement for the SN75124 and the 
8T24 


connection diagram and truth table 


Dual-In-Line Package 


Vcc SI R1 Y1 A3 S3 R3 Y3 



i INPUTS 1 

OUTPUT 

A 

Bt 

R 

S 

Y 

H 

H 

X 

X 

L 

X 

X 

L 

H 

L 

L 

X 

H 

X 

H 

L 

X 

X 

L 

H 

X 

L 

H 

X 

H 

X 

L 

X 

L 

: ' H' ", 


A1 B1 R2 S2 A2 B2 Y2 GND 


H = high level, L = low level, X = irrelevant 
tB input and last two lines, of the truth table 
are applicable to receivers 1 and 2 only. 


Order Number DS75124J Order Number DS75'I24N 
See Package 10 See Package 15 


typical application 
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DS75150 dual line driver 
general description 

The DS75150 is a dual monolithic line driver designed 
to satisfy the requirements of the standard interface 
between data terminal equipment and data communica- 
tion equipment as defined by EIA Standard RS-232-C. 
A rate of 20,000 bits per second can be transmitted with 
a full 2500 pF load. Other applications are in data- 
transmission systems using relatively short single lines, 
in level translators, and for driving MOS devices. The 
logic input is compatible with most TTL and DTL 
families. Operation is from -T2V and +12V power 
supplies. 


features 

■ Withstands sustained output short-circuit to any 
low impedance voltage between —25V and -f-25V 

■ 2/xs, max transition time through the — 3V to +3V 
transition region under full 2500 pF load 

■ Inputs compatible with most TTL and DTL families 

■ Common strobe input 

■ Inverting output 

■ Slew rate can be controlled with an external capacitor 
at the output 

■ Standard supply voltages ±1 2V 


schematic and connection diagrams 



Dual-1 n-Line Package 

+Vcc lY 2Y -Vcc 



Order Number DS75150N 
See Package 1 2 


Duai-I n-Line Package 
OUTPUT OUTPUT 



TOP VIEW 
Positive Logic Y == AS 


Order Number DS751 50J 
See Package 9 
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DS75154 quadruple line receiver 
general description 


The DS75154 is a quad monolithic line receiver 
designed to satisfy the requirements of the standard 
interface between data terminal equipment and data 
communication equipment as defined by EiA Standard 
RS-232C. Other applications are in relatively short, 
single-line, point-to-point data transmission systems and 
for level translators. Operation is normally from a single 
5V supply; however, a built-in option allows operation 
from a 12V supply without the use of additional com- 
ponents. The output is compatible with most TTL and 
DTL circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are 
connected to the V^ci terminal, pin 15, even if power is 
being supplied via the alternate Vqc 2 terminal, pin 16. 
This provides a wide hysteresis loop which is the differ- 
ence between the positive-going and negative-going 
threshold voltages. In this mode, if the input voltage 
goes to zero, the output voltage will remain at the low or 
high level as determined by the previous input. 

For fall-safe operation, the threshold-control terminals 
are open. This reduces the hysteresis loop by causing 


the negative-going threshold voltage to be above zero. 
The positive-going threshold voltage remains above zero 
as it is unaffected by the disposition of the threshold 
terminals. In the fail-safe mode, if the Input voltage goes 
to zero or an open-circuit condition, the output will go 
to the high level regardless of the previous input condi- 
tion. 


features 

■ Input resistance, 3 kl2 to 7 kf2 over full RS-232C 
voltage range 

■ Input threshold adjustable to meet "fail-safe" require- 
ments without using external components 

■ Inverting output compatible with DTL or TTL 

■ Built-in hysteresis for increased noise immunity 

■ Output with active pull-up for symmetrical switching 
speeds 

■ Standard supply voltage— 5V or 12V 


schematic and connection diagrams 



Dual-ln-Line Package 



Order Number DS75154J or OS75154N 
See Package 1 0 or 15 


Note: When using Vcci (pin 1 5), ^cc 2 (p'** ^ 6) may be loft open or shorted to V^ci ■ 
When using Vcc2. ^cci kk open or connected to the threshold control pins. 
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DS75324 memory driver with decode inputs 
general description features 


The DS75324 is a monolithic memory driver 
which features two 400 mA (source/sink) switch 
pairs along with decoding capability from four 
address lines. Inputs B and C function as mode 
selection lines (source or sink) while lines A and 
D are used for switch-pair selection (output pair 
Y/Z or W/X). 


■ High voltage outputs 

■ Dual sink/source outputs 

■ Internal decoding and timing circuitry 

■ 400 mA output capability 

■ DTL/TTL compatible 

■ Input clamping diodes 


schematic and connection diagrams 



Order Number DS75324J 
See Package 10 


Order Number DS75324N 
See Package 14 
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DS55325/DS75325 memory drivers 
general description 

The DS55325 and DS75325 are monolithic mem* 
ory drivers which feature high current outputs as 
well as internal decoding of logic inputs. These cir- 
cuits are designed for use with magnetic memories. 

The circuit contains two 600 mA sink-switch 
pairs and two 600 m A source-switch pairs. Inputs 
A and B determine source selection while the 
source strobe (S^} allows the selected source turn 
on. In the same manner, inputs C and D determine 
sink selection while the sink strobe (S 2 ) allows the 
selected sink turn on. 

Sink-output collectors feature an internal pull-up 
resistor in parallel with a clamping diode connected 
to Vcc 2 - This protects the outputs from voltage 
surges associated with switching inductive loads. 

The source stage features Node R which allows 
extreme flexibility in source current selection by 
controlling the amount of base drive to each source 
transistor. This method of setting the base drive 
brings the power associated with the resistor out- 
side the package thereby allowing the circuit to 


operate at higher source currents for a given 
junction temperature. If this method of source 
current setting is not desired, then Nodes R and 
Rinx can be shorted externally activating an 
internal resistor connected from Vcc 2 Node R. 
This , provides adequate base drive for source 
currents up to 375 mA with M ct 2 ~ or 
600 mA with Vcg 2 24V. 

The DS55325 operates over the fully military 
temperature range of — 55°C to +125°C, while the 
DS5325 operates from 0°C to +70° C. 

features 

■ 600 mA output capability 

■ 24V output capability 

■ Dual sink and dual source outputs 

■ Fast switching times 

■ Source base drive externally adjustable 

■ Input clamping diodes 

■ DTL/TTL compatible 


schematic and connection diagrams 


Ouai-ln-Line Package 




top VIEW 


Order Number DS55325J, DS75325J, 
DS75325N or OS55325W 
See Package 10, 15 or 28 


truth table 


ADDRESS INPUTS 

STROBE INPUTS 

OUTPUTS 

SOURCE 


SINK 

SOURCE 

SINK 

SOURCE 

SINK 

A 

B 

c 

D 

SI, 

S2 

w 

X 

Y 

2 

L 

H 

X 

X 

L 

H 

ON 

OFF 

OFF 

OFF 

H 

L 

X 

X 

L 

H 

OFF 

ON 

OFF 

OFF 

X 

X 

L 

H 

H 

L 

OFF 

OFF 

ON 

OFF 

X 

X 

H 

L 

H 

L 

OFF 

qPF 

OFF 

ON 

X 

X 

X 

X 

H 

H 

OFF 

OFF 

OFF 

off 

H 

H 

H 

H 

X 

X 

OFF 

OFF 

OFF 

OFF 


H = high level, L = low level, X = irrelevant 

NOTE: Not more than one output is to be on at any one time. 
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DS75361 dual TTL-to-MOS driver 


general description 

The DS75361 is a monolithic integrated dual TTL-to- 
MOS driver interface circuit. The device accepts standard 
TTL and DTL input signals and provides high-current 
and high-voltage output levels for driving MOS circuits. 
It is used to drive address, control, and timing inputs 
for several types of MOS RAMs including the 1103 and 
MM5270 and MM5280 

The DS75361 operates from standard TTL 5V supplies 
and the MOS Vqq supply in many applications. The 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V; however, it is designed 
for use over a much wider range of Vcc 2 - 


features 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Vcc 2 supply voltage variable over wide range to 24V 

■ Diode-clamped inputs 

■ TTL and DTL compatible 

■ Operates from standard bipolar and MOS supplies 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


connection diagrams 


Dual-In-Line Package 

Vcci Y1 Y2 Vcc2 



TOP VIEW 


Order Number DS75361N 
See Package 1 2 


Dual-1 n-Line Package 
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VIEW 
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Order Number DS75361J 
See Package 9 
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DS75362 dual TTL-to-MOS driver 


general description 

The DS75362 is a dual monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL and DTL input signals and provides high-current 
and high-voltage output levels suitable for driving MOS 
circuits. It is used to drive address, control, and timing 
inputs for several types of MOS RAMs including the 
1103. 


features 

■ Dual positive-logic NAND TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Vcc 2 supply voltage variable over wide range to 24V 


The DS75362 operates from the TTL 5V supply and the 
MOS Vss and VgB supplies in many applications. This 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V, and with nominal 
Vcc 3 supply voltage from 3V to 4V higher than Vcc 2 - 
However, it is designed so as to be usable over a much 
wider range of Vcc 2 and Vqc 3 - In some applications the 
Vgc 3 power supply can be eliminated by connecting the 
Vcc3 to th® Vcc2 pin. 

schematic and connection diagrams 


■ Vqc 3 supply voltage pin available 

■ Vcc 3 pin can be connected to Vcc 2 P'n in some 
applications 

■ TTL and DTL compatible diode-clamped inputs 

■ Operates from standard bipolar and MOS supply 
voltages 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Duai-ln-Line Package 




Order Number DS75362N 
See Package 12 

• DuaMn-Line Package 



Order Number OS75362J 
See Package 9 
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DS75364 dual MOS clock driver 


general description 

The DS75364 is a dual MOS driver and interface circuit 
that operates with either current source or voltage 
source input signals. The device accepts signals from 
TTL levels or other logic systems and provides high 
current and high voltage output levels suitable for 
driving MOS circuits. It may be used to drive address, 
control and/or timing inputs for several types of MOS 
RAMs and MOS shift registers. 

The DS75364 operates from standard MOS and bipolar 
supplies, and has been optimized for operation with Vcq^ 
supply voltage from 12— 20V positive with respect to 
Vee, and with nominal Vcc 2 supply voltage from 3— 4V 
more positive than Vcci- However, it is designed so as to 
be useable over a much wider range of Vcci and Vcc 2 - 
In some applications the Power supply can be 

eliminated by connecting the P'n to the Veer P'o. 

Inputs of the DS75364 are referenced to the V^g ter- 
minal and contain a series current limiting resistor. The 
device will operate with either positive input current sig- 
nals or input voltage signals which are positive with res- 
pect to Ve£. In many applications the V^^ terminal is 
connected to the MOS V^p supply of -12V to ~15V 
with the inputs to be driven from TTL levels or other 
positive voltage levels. The required negative level 


shifting may be done with an external PNP transis- 
tor current source or by use of capacitive coupling and 

appropriate input voltage pulse characteristics. 

The DS75364 is characterized for operation over the 

0°C to +70°C temperature range. 

features 

■ Versatile interface circuit for use between TTL levels 
and level shifted high current, high voltage systems 

■ Inputs may be level shifted by use of a current source 
or capacitive coupling or driven directly by a voltage 
source 

■ Capable of driving high capacitance loads 

■ Compatible with many popular MOS RAMs and MOS 
shift registers 

• Veci supply voltage variable over wide range to 22V 
maximum with respect to V^e 

■ Vcc 2 pull-up supply voltage pin available 

■ Operates from standard bipolar and/or MOS supply 
voltages 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


connection diagrams 


Dual-1 n-Line Package 


Dual-1 n-Line Package 




Order Number DS75364N 
See Package 1 2 


Order Number DS75364J 
See Package 9 
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DS75365 quad TTL-to-MOS driver 
general description 

The DS75365 is a quad monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL and DTL input signals and provides high-current 
and high-voltage output levels suitable for driving MOS 
circuits. It is used to drive address, control, and timing 
inputs for several types of MOS RAMs including the 
1103. 

The DS75365 operates from the TTL 5V supply and the 
MOS Vss and Vgg supplies in many applications. This 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V, and with nominal 
Vcc 3 supply voltage from 3V to 4V higher than Vcc 2 - 
However, It Is designed so as to be usable over a much 
wider range of Vcc 2 and Vccs- some applications the 
Vcc 3 power supply can be eliminated by connecting the 
Vcc 3 pin to the Vcc 2 P'n. 


features 

■ Quad positive-logic NAN D TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 


■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Interchangeable with Intel 3207 

■ Vqc 2 supply voltage variable over wide range to 24V 
maximum 

■ Vcc3 supply voltage pin available 

■ Vqc3 pin can be connected to Vqc2 Pin in some 
applications 

■ TTL and DTL compatible diode-clamped inputs 

■ Operates from standard bipolar and MOS supply 
voltages 

■ Two common enable inputs per gate-pair 

■ High-Speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


schematic and connection diagrams 



Dual-ln-Line Package 



TOP VIEW 

Positive Logic: Y = A-E1E2 


Order Number DS75365J 
orDS75365N 
See Package 10 or 15 
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DS7803/DS8803, DS8813 two phase oscillator/clock driver 
general description 


The DS7803 is a self contained two phase oscillator/ 
clock driver. It requires no external components to 
generate one of three primary oscillator frequencies 
and pulse widths. Other frequencies can easily be 
obtained by programming input voltages. Three sets of 
outputs are provided: damped and undamped MOS 
outputs and TTL monitor outputs. The MOS outputs 
easily drive 500 pF loads with less than 150 ns rise and 
fall times. In addition the outputs have current limiting 
to protect against momentary shorts to the supplies. 

The DS7803 and DS8803 are available In a 14-lead cavity 
DIP. The DS8803 Is also available in a 14-pin molded 


DIP. The DS8813 comes in an 8-pin molded DIP, 
providing damped MOS outputs only. 


features 

■ Two phase non-overlapping outputs 

■ No external timing components required 

■ Frequency adjustable from 100 kHz to 500 kHz 

■ Pulse width adjustable from 260 ns to 1.4/is 

■ Damped and undamped MOS outputs 

■ TTL monitor outputs 


block and connection diagrams 


DS7803/DS8803 


Dual-1 n-Line Package 


WIDTH 2 
CONTROL 
MOS 3 
DAMPED 



Vss Vdd test inhibit 


Order Number OS7803J, DS8803J 
or DS8803N 
See Package 9 or 14 



Dual-In-Line Package 



Order Number OS8813N 
See Package 1 2 
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DS7807/DS8807, DS88t7 two phase oscillator/clock driver 


general description 

The DS7807 is a self contained two phase oscillator/ 
clock driver. It requires no external components to 
generate one of three primary oscillator frequencies and 
pulse widths. Other frequencies can easily be obtained 
by programming input voltages. Three sets of outputs 
are provided: damped and un-damped MOS outputs and 
TTL monitor outputs. The MOS outputs easily drive 
500 pF loads with less than 75 ns rise and fall times. 
In addition the outputs have current limiting to protect 
against momentary shorts to the supplies. 

The DS7807 and DS8807 are available in a 14-lead 
cavity DIP. The DS8807 is also available in a 14-pin 
molded DIP. 


The DS8817 comes in an 8-pin molded DIP, providing 
damped MOS outputs only. 


features 

■ Two phase non-overlapping outputs 

■ No external timing components required 

■ Frequency adjustable from 400 kHz to 2 MHz 

■ Pulse width adjustable from 130 ns to 700 ns 

■ Damped and un-damped MOS outputs 

■ TTL monitor outputs 


block and connection diagrams 

DS7807/DS8807 


WIDTH ^ 2| 
CONTROL '' 


FREQUENCY 12| 
CONTROL ^ 


VCO FH ONE-SHOT 


7^^ 






Rd 

10 

“AA^— 


A’ A” iv 


VoD test inhibit 

DS8817 


*0 Vcc 
^ TTL 0 


3 ^ MOS 

DAMPED t-i 


^ DAMPED 07 
-O MOS 01 


■O MOS 02 



Dual-i n-Line Package 



Order Number DS7807J. 
DS8807 J or OS8807N 
See Package 9 or T4 


Dual-In-Line Package 


MOS 

DAMPED 

OUTPUTS 



Order Number DS8817N 
See Package 12 


TEST INHIBIT 
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THE SYSTEMS APPROACH TO CHARACTER GENERATORS 


A huge new market for man/machine interfaces is 
being created by the increasing availability of low 
cost data processing through computer time 
sharing, LSI calculators, minicomputers and digital 
business and control systems. In turn, the pressure 
is on to design CRT terminals, displays and tele- 
printers that are at least as compact and inexpen- 
sive as the new data processors. 

MOS integrated circuit producers are in the thick 
of this competition. They have begun making 
read only memories and shift registers with enough 
storage capacity to put an appreciable dent in 
terminal and printer costs. Entire alphanumeric 
character fonts and CRT refresh channels now can 
be fabricated as single-chip arrays. Low threshold 
MOS processes and designs have been refined to 
make the storage arrays more compatible with 
bipolar logic and standard power supplies. 

These developments have won MOS a place on the 
alphanumeric side of the readout family tree in 
Figure 1 (and some inroads are being made on the 
other side— see Appendix in this App. Note. In tact, 
MOS has pushed beyond the state of the art. 
MOS/TTL assemblies can generate characters 
faster than they can be handled by moderately 
priced CRT video circuitry or printer mechanisms. 
However, the increased storage capacity and speed 
also make higher performance systems feasible. 
For exannple, designers are considering larger fonts 
that make characters more legible. Large fonts 
have generally been economically Impractical in 
the past because even a small increase in font size 
can double the memory size needed. 


MOS ROMS AND REGISTERS 

Large capacity, high speed, and bipolar compati- 
bility strike directly at the problems involved in 
lowering data terminal cPsts. To generate and up- 
date readouts with many characters and symbols 
takes thousands of bits of storage and fast manipu- 
lation of data and control signals. If this capability 
is supplied in a central processor, it must be paid 
for in the form of central system overhead and 
communications costs. Using pre-LSI memory 
techniques in the terminals, however, can easily 
double the cost of each console.* 

Storage capacities per MOS chip have increased at 
least tenfold in the past few years, with compar- 
able reductions in assembly costs. By the close of 
1969, MOS/TTL character generators cost about 
half as much as those built with bipolar devices. 
The newest ROMs (readonly memories) for char- 
acter generation represent the integration of some 
3,000 diodes and 50 packages of 1C gates. One 
terminal manufacturer who made the changeover 
late in 1969 replaced six large printed circuit 
boards with one plug-in card. 

The largest MOS ROMs mass produced last year 
stored 1024 and 2048 bits— general purpose sizes 
used for table lookup, microprogramming and 
random-logic functions as well as character genera- 
tion. A typical generator contained three 1024-bit 
ROMs, such as National Semiconductor's SK0001 
and SK0002 kits (see Table 1 and Figures 2 and 
3). Generating the standard 64 ASCI 1 -selected 
characters in a 5 x 7 font requires a storage capac- 
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Figure 1. Display Family Tree 
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ity of at least 5 x 7 x 64. Each logical “T” bit 
stored in the ROM produces a black dot on a 
printout or a bright spot on a CRT screen, and 
each "0" bit a blank space. 


Table 1. ROM Combinations for Various Fonts 


FONT 

CHARACTERISTICS 

PARTS REQUIRED 

5 X 7 

Raster Scan 

SK0001 
or MM5240 

7 X 5 

Vertical Scan 
static ROM required 

SK0002 

orMM5241 

7 X 9 

Raster Scan 

MM5241 
<2 required) 

9 X 7 

Vertical Scan 
static ROM required 

MM 5240 
(2 required) 

8 X 10 

Raster Scan 

MM5241 
(2 required) 

10x8 

Vertical Scan 
static ROM required 

MM 5240 
(2 required) 

9 X 11 

Raster Scan 

MM5240 
(3 required) 

11x9 

Vertical Scan 
static ROM required 

MM5241 
(3 required) 

12x16 

Raster Scan 

MM523 
(6 required) 

16 x 12 

Vertical Scan 
static ROM required 

MM5241 
(4 required) 



Figure 2a. Three-ROM Raster Scan Character Generators 


Two new soon-to-be-announced ROMs are the 
MM5240, storing 64 x 8 x 5 bits, and the MM5241 
storing 64 x 6 x 8 bits. Each chip also contains 
decoding logic and sense amplifiers (as do the 
1024 and 2048-bit chips). Thus, one ROM is 
ample for a standard 5x7 or 7 x 5 font. The 
added capacity can implement special needs, such 
as dropping comma tails below the other char- 
acters and symbols. But its main purpose is in 
providing the logic and programming flexibility 
that enables ROMs to be operated in tandem to 
generate the larger font sizes indicated in Table 1. 
The additional capacity costs little in terms of 
silicon real estate because these devices are made 
by low-threshold processes with p-channel- 
enhancement mode MOSFETs as the storage 
elements— the most LSI -able type of MOS. 

In the past, when diode matrixes were used as 
character generators, the 5 x 7 or 7 x 5 fonts gave 
the best cost/legibility tradeoff. Because the new 
ROMs lower the cost per function, the 8x10 font 
will probably become the most attractive. 

The input-output configurations of the MM5240 
and MM5241 are outlined in Figure 4 for a stan- 
dard ASCI I -addressed font. The 6-bit ASCII code 
words will address any of 64 characters (2^ ). The 
control logic generates the three additional address 



Figure 2b. Character Generator For Tape Printers and 
Other Vertical Scan Applications 
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bits needed to select the individual lines or col- 
umns of dots that form the characters in the 


Vss VoG 



Figure 4a. MM5240 Raster Scan Character Generator 
Element 


Vss VoG 
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Figure 4b. MM5241 Vertical Scan Character Generator 
Element 

5 X 7 X 64 dot matrix. The output bits forming 
each dot line or column are presented in parallel. 
The parallel outputs are serialized by a TTL regis- 
ter and used to control the CRT beam or the 
printer mechanism. To simplify the selection 
process, the ROMs are programmed to generate 
the lines or columns in the correct sequence when 
addressed by the sequential outputs of a TTL 
counter. 

As for registers, they became quite popular during 
1969 because a CRT refresh memory of up to 
about 5,000 bits— enough for a display of more 
than 800 characters— coq Id be built less expen- 
sively with MOS dynamic registers than with delay 
lines'^ This was achieved with registers containing 
200 storage stages per chip. During 1970, dynamic 
registers up to 512 bits long will go into mass 
production, giving rise to predictions of significant 
savings in refresh memory costs. Whether savings 
that large can actually be realized will depend 
upon how quickly the new devices catch on and go 
into volume production. 

Aside from cost per function, other pertinent con- 
sideration are temperature sensitivity and func- 
tional flexibility. In a refresh memory, register 
outputs are fed back to the inputs. On each recir- 
culation, the data readdresses the ROM, regenera.-, 
ting (refreshing) the display (Figure 5). The recir- 
culation times must correspond to the CRT scan- 
ning time to keep the display legible, MOS register 
delay times are relatively insensitive to tempera- 
ture variations because they are established by 
system clock rates rather than physical parameters. 


Also, special requirements of data entry and out- 
put for display formatting and editing can be 
implemented much more easily with registers than 
with physical delay lines. Data bit positions in the 
recirculation loops are maintained in alignment 
and can be monitored and modulated precisely by 
the control logic (one recirculation loop is needed 
for each data bit— six loops, for example, in an 
ASCI I -addressed system). Data entry and output 
for display or transmission thus becomes a 
straightforward exercise in logic design. 


RECIRCULATION LOOP 



LINE SELECT 


Figure 5. Basic Digital Character Generator and CRT 
Refresh Memory 

BIPOLAR COMPATIBILITY 

A dynamic register is one that must be clocked at 
some minimum frequency. Data is retained in the 
form of charge storage and the charges would 
eventually leak out of the storage nodes if not 
re-established. In contrast, the ROMs being dis- 
cussed are static devices, generating an output only 
when addressed. Specifically, they are designed 
and programmed to be sequenced by TTL ICs. 
Furthermore, th^-new generations of ROMs and 
registers accept/and put out bipolar level signals 
and operate off -i-5 volt and -12 volt power 
supplies. 

These features eliminate any need for special 
level-translating circuits between the MOS and 
bipolar devices. Also, special power supplies are 
not generally required because ±/12V as well as 
±5V supplies are usually provided in terminals for 
other parts of the system. Such compatibility is a 
convenience and a cost saver in any digital system 
containing MOS storage subsystems and bipolar 
logic, since it minimizes the interface and drive 
complexity. In terminals, though, compatibility is 
practically essential for efficient operation and 
lowest cost per function. 

First, as the detailed system diagrams show, many 
of the interconnections have a MOS device at one 
end and a TTL device at the other, so that a large 
number of level translators would be needed if 
they were not compatible. 

Second, several control logic operations must 
occur between memory outputs, and the output- 
serializing device must operate at least six or eight 
times as fast as the word (dot line or column) 
output rate of the ROM. Obviously, if high speed 
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control logic— preferably TTL MSI devices such as 
singje-chip binary counters and 8-bit parallel- 
input/serial-output shift registers— were not used, 
the character generating process would be slowed 
excessively. This would limit the number of char- 
acters that could be displayed in a CRT refresh 
cycle or printed out in a given time. The new 
generation of MOS ROMs can deliver up to eight 
bits in parallel in about 700 nanoseconds, com- 
pared with a microsecond or more for last year's 
models. Logic speeds around 10 MHz are therefore 
desirable {several times higher than the speed that 
can be achieved by MOS gates.) Likewise, dynamic 
registers can now easily be run at rates above 
2 MHz— double the speed of early mass produced 
registers— so the logic controlling refresh storages 
must also be faster. 

The Improved compatibility and higher speed are 
largely due to better design and processing of the 
input and output stages of the registers and the 
sense amplifiers of the ROMs. They don't increase 
the conriplexity of the MOS circuitry, unlike other 
techniques for increasing MOS speed, and there- 
fore they have permitted the capacity increases 
cited. 

The net benefit to the system designer of this 
approach to MOS design is that it enables the 
system designer to capitalize on the best features 
of each technology— MOS storage for high density 
and low cost, and TTL for high speed processing 
of data and control signals. This is what produces 
lowest cost per function in most digital systems. 

CRT RASTER SCAN DISPLAY^ 

The basic refresh mode in(^ Figure 5 limits the 
number of characters that dan be displayed. A 
better way of generating and refreshing raster scan 
displays, particularly those with many rows or 
lines of characters, is outlined in Figure 6. Figure 7 
illustrates the timing and logical implementation 
for a multiple row system. 


As before, coded data from a communications link 
or the console keyboard passes through the regis- 
ters and addresses the character generator. In these 
examples, the 6-bit ASCII input and the 3-bit 
control logic input generate raster scan character 
formats that allow a conventional TV monitor to 
be used as a display. Communications codes other 
than ASCI I can be used. 

If the ROM contains a 5 x 7 font, each 5-bit char- 
acter line output will form five horizontal bright 
spots on the CRT. That is, each ROM output 
generates one-seventh of each character in a row of 
displayed characters. The output is serialized by 
the TTL register and used to intensity modulate 
the CRT beam as it sweeps across the screen. 


MLOOP 



SELECT 

Figure 6. (M-N)-i-N Technique for Large Page Displays 

The refresh memory registers are divided into M-N 
and N sections to facilitate page displays. M is the 
total number of characters displayed in several 
rows (lines of the page)! and N is the number of 
characters in each row. To form such a display 
with single-loop registers, as in Figure 5, would 
take seven recirculations of all M data words 
during each refresh cycle of the CRT. The tech- 
nique in Figures 6 and 7 only requires high speed 
recirculation of N bits at a time, with advantages 
that will be discussed shortly. 
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Assume that on the first sweep of the CRT beam, 
the ROM is being addressed by the six register 
outputs representing characters Nj, N2, N3, etc. 
The first horizontal, 5-dot line of each character in 
the display row are displayed in sequence. Then 
the line address inputs to the ROM from the con- 
trol logic change to their second state at the time 
that Nj has completed its recirculation to the N 
register's outputs. Thus, on the second CRT 
sweep, the second series of 5-dot lines are dis- 
played horizontally for all N characters. At the 
end of seven recirculations, the complete row of N 
characters is on the display. 

Now, the contents of the N register are not re- 
turned to the input of the N register. Instead, they 
are fed back to the input of the M-N register and 
this register is clocked to load the N register with 
the second group of N characters. The M-N register 
is then held still while the N register recirculates 
seven times to generate the second row of char- 
acters on the display. After all M characters are on 
the display, the first group of N characters is 
reloaded into the N register and the entire process 
is repeated to refresh the display. 

Human factors— chiefly the eye's response time- 
dictate that the display be refreshed at least 30 to 
35 times a second for good legibility. Most de- 
signers prefer to refresh at 60 Hz power line fre- 
quency because it is generally the most convenient 
frequency. 

Besides generating the line address inputs (that is, 
the number of recirculations of the N register), the 
control logic keeps track of the number of dots 
and spaces in he output bit stream. The spaces 
between characters in a display row are inserted as 
"0" bits when the ROM outputs are serialized by 
the TTL register. The counters also control the 
loading and recirculations of the MOS registers in 
the refresh memory subsystem. 

A multiple row raster scan display could be gen- 
erated with the M-loop technique in Figure 5 but, 
the implementation is difficult and impractical. 
This technique is more appropriate for single row 
displays. Using this method of display, all M char- 
acters to be displayed must recirculate seven times 
to generate a 5 x 7 horizontal scan, so all stages of 
the registers must operate at the full character 
rate. To form several rows with a single-loop 
memory requires an interlaced scan rather than an 
ordinary raster scan. The first series of 5-dot lines 
are generated by the first N character outputs as 
before, but the next set of N inputs to the ROM 
will generate the first group of 5-dot lines in the 
second row of characters on the display. There- 
fore, the beam must jump to the new line position. 
To display four rows of 5 x 7 characters, for 
instance, would require a staircase generator that 
would step the beam by the height of nine scan 
lines (seven dot lines, plus two blank spacing lines 
between rows) three times after the initial scan. 


Then, as the second of the seven recirculations 
begins, the beam would have to be shifted an 
additional line to start the second series of line 
scans— and so forth. 

The M-N-N technique does not require any more 
register stages than the M-loop technique and 
significantly reduces control and drive circuit 
requirements— again producing a lower cost per 
function. 

REFRESH MEMORY MODULATION 

The technique employed in the M-N-N refresh 
memory is called "clock modulation". In other 
applications, it has already been found to signifi- 
cantly reduce total storage costs.’ It helps mini- 
mize power dissipation— in most terminals, the 
amount of power consumed is unimportant in 
itself, since line power is used, but registers are 
powered by clock drivers and the cost and com- 
plexity of the drive network is certainly impor- 
tant. Furthermore, the technique allows long, very 
high-density MOS circuits, produced by relatively 
inexpensive low threshold (bipolar compatible) 
processes to operate at very high effective char- 
acter rates. 

As shown in Figure 7, the raster scan system uses 
nine clock intervals to generate a row of characters 
on the display. Seven are for the high-speed re- 
circulations. During the other two intervals, the 
first N characters are fed back from the output of 
the N register to the input of the M-N register 
while the N register is loaded from the M-N regis- 
ter with a new row's worth of characters. Since 
two intervals are used for this operation, the regis- 
ters operate at only half the character rate. The 
rest of the time, the M-N register is charge- 
quiescent. Its average clock frequency is only 
about 11% of the character rate. 

In other words, most of the refresh memory 
(perhaps 90% in a large display system) operates at 
only half the character rate (say 1 MHz instead of 
2 MHz) only two-ninths of the time. The savings in 
the drive network alone can be judged from the 
power-frequency plot for a typical MOS dynamic 
register (Figure 8)^. In addition, the designer can 



Figure 8. Power vs Frequency Plot of Typical MOS 
Dynamic Register 

increase the number of characters generated per 
refresh cycle, for a larger display, or increase the 
number of dot lines, for a larger font, or both. 
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Remember/ though, that dynamic registers must 
be clocked to retain data How long can the M-N 
register be turned off? Long enough for practical 
applications. The guaranteed minimum frequency 
is temperature dependent, since temperature 
affects charge-storage time. The minimum for 
National Ssi^'conductor's MM-series registers is 
500 Hz at 25°C, rising to 3 kHz at 70°C (maxi- 
mum operating temperature is 125°C, but that is 
not a display environment). At room temperature, 
the registers can safely be quiescent for as long as 
2 msec. (The typical MM register will actually hold 
data for 10 msec.) Suppose the N register stores 40 
characters and operates at 2 MHz. The quiescent 
period can be as short as 40 x 7 x 0.5 = 140 ns. If 
standard TV raster timing is maintained then the 
quiescent period will be 7 x 63 jUs = 441 (is. 
Obviously, the designer has great leeway in char- 
acter rates, operating temperatures, and register 
capacities. 

Other applications in displays for clock modula- 
tion include, input-output buffering of data during 
data reception and transmission,^ or during dis- 
play editing and formatting through the console 
keyboard. The register rates can be adjusted via 
control logic to accommodate differences between 
I/O and recirculation rates. Note that the gating in 
Figure 7 permits data entry under TTL control 
into either register section. 

CHARACTER GENERATION 

The first generally available MOS character gen- 
erators were kits such as those in Figure 2, using 
three 1024-bit ROMs (MM521). Although single- 
chip generators were being developed in 1969, 
they were in very short supply. The kits cost about 
half as much as diode generators and thus allowed 
terminal manufacturers to start the changeover to 
MOS. 

The kits are also a good place to begin describing 
character generator operation in this application 
note, because they provide an "exploded vievv" of 
multi-ROM generator operation. Similar tech- 
niques will be needed to build larger fonts with the 
new devices. The external gating functions shown 
in Figure 2 are not needed for these when 
the MM5240 and MM524T are used. The "assem- 
bly" of the dot patterns is taken care of in the 
programming of the ROMs. However, to generate a 
large font, such as 8 x 10 or 12 x 16, with the new 
ROMs will require operation of two to four ROMs. 

Each MM521 in the SK0001 raster scan kit can 
store 256 4-bit dot patterns. As the inset letter 
"N" in Figure 2a indicates, the MK001 ROM 
stores the first four 4-dot line segments of each of 
the 5 X 7 characters, the MK002 stores 4-bit 
segments of the other three-dot lines, and MK003 
supplies the fifth bit of each of the seven-dot lines. 
All ROMs are addressed simultaneously. 

The 6-bit ASCII code was devised to select 64 (2^ ) 
characters. However, an 8-bit address is used to 


select the dot lines and the 6-bit ASCI I code from 
the 256 (2^) word locations in each ROM. These 
two additional bits are supplied by the A and B 
outputs of a TTL binary counter 
DM8533 (SN7493) and the counter's C output is 
used to commutate the MK001 and MK002. The 
ROMs are enabled by an output at the TTL logical 
*'0" level. Thus, with the gating shown, thb 
MKOOl is enabled during the first four of seven 
line-rate clock inputs and the MK002 during the 
remaining three inputs. 

The MK003 is continuously enabled by grounding 
the chip-enabled pin, CE. It must generate a 1-bit 
output for each of the 7x64 dot lines in the 
64-character set, which implies a 9-bit address. 
Rather than produce a special ROM just for this 
function— which would make it expensive— the 
MM521 was programmed to generate 256 2-bit 
outputs from the 8-bit address. The counter's C 
output simply gates out the unwanted bit. 

For a 5 X 7 font, the new single-chip character 
generators are simply programmed to generate all 
5 bits in each dot line, from a 9-bit address. Stan- 
dard programming provides the 64-character 
ASCII set, but special characters can be substi- 
tuted by changing the stored dot patterns. The 
reprogramming process consists of altering an 
etching mask that controls gate insultation thick- 
ness in the MOS field effect transistors of the 
storage array. If the oxide is left thick, the transis- 
tor will not switch when selected by the decoding 
logic, generating a "0" output from that location. 

Figure 9 indicates why the storage capacity of the 
MM5240 is 5 x 8 x 64 rather than 5 x 7 x 64-each 
ROM can generate half of the 8 x 10 x64 char- 
acter set. The ROMs can be addressed simulta-: 
neously, as before, and be commutated by the 
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8 X to RASTER SCAN CHARACTER 
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. 16x12 VERTICAL SCAN 

Figure 9. Multiple ROM Character Fonts 

control logic to put out the 8-dot horizontal lines 
in the correct sequence. For very high speed char- 
acter generation, the addressing of the ROMs can 
be skewed or overlapped so that the outputs from 
one are generated while the inputs to the other are 
being decoded. The only real limitations to the 
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character generation rates achievable with such 
techniques are the speed of the bit serializing logic 
and the bandwidth of the video circuitry. 

CONTROL LOGIC 

Starting with the dot/character or dot and space 
counter in Figure 7, the counter moduli are set to 
accomplish the following functions: 

■ The dot and space counter determines the num- 
ber of horizontal spacing bits between char- 
acters in the character row on the display. Its 
output is loaded Into the parallel inputs of the 
DM8590 serial-in/parallel-out shift register. For 
a 5 X 7 font, for example, a modulus of six 
inserts one spacing bit (logical “0" bit) between 
each 5-dot group in the serialized stream. 
During line recirculation periods, this counter 
also drives the N counter at the character shift 
rate of the N register. 

■ The N counter causes the line select counter to 
change state at the end of every recirculation of 
the row data In the N register. It generates a 
pulse at Intervals of 6N dot clock periods 
(assuming one spacing bit). 

■ The line select counter generates seven sets of 
the three address bits that sequence dot-line 
selection from the ROM. 

■ A character line counter is needed in some 
raster-scan displays to keep track of which page 
line has just been generated. This time Is sig- 
nified by the C or D output of the line select 
counter. 

Outputs of the first three counters actuate the 
register clock drivers, keeping the line select bits in 
synch with the data code. If the line select counter 
is a 4-bit binary device, eight states are available on 
the ABC outputs (000 through 1 1 1 ). The D out- 
put can be used to provide a ninth state and the 
reset function. Only seven states are needed for 
line select, so the eighth and ninth states provide 
the interval needed for loading the N register from 
the M-N register, as previously described. 

VERTICAL SCANNERS AND PRINTERS 

Vertical scan character generators are generally 
used in hardcopy applications. Also, a vertical 
scan type of character generator can sometimes be 
more suitable for CRT displays than raster scan. 

Displays or printouts of calculators and small 
business machines often show only numerals and a 
limited variety of symbols— not enough for a full 
alphanumeric generator. Such fonts are easily 
programmed Into a small ROM such as the 
1024-bit MM522, which stores 128 8-bit words. 
There's room for 16-5 x 7 dot characters on the 
chip. 

These ROMs are also used in the SK0002 kit for a 
64-character ASCII-addressed font (Figures 2b and 
3b), which requires the storage of 320 7-dot 
columns and a 7-bit address. Connected as shown. 


the DM8533 TTL binary counter will reset on the 
count of 16. And with the gating and intercon- 
nections shown, the column select cycle is: 


Counter Outputs DCB 

ROMs Enabled 

DCB 


000 

MK004 

001 

MK005 

010 

MK004 

oil 

MK005 

100 

MK006 

101 

reset (instantaneous) 


A CRT beam can be intensity modulated by the 
serialized output, as in the raster scan technique. 
However, the electron beam traces either a saw- 
tooth or pedestal-type scan pattern on the screen 
(Figure 10). Every column of each character in the 
display line is scanned in sequence, starting at the 
left-hand side of the screen. 

The sawtooth scan is straightforward, but the 
pedestal scan requires that the bit order be re- 
versed in the second and fourth columns. To do 
this, the outputs of the MK005 ROM are simply 
connected to the output buses in the reverse order 
(i.e., output 1 to bus 7, output 2 to bus 6, etc.). 


SAW TOOTH DISPLAY PEDESTAL DISPLAY 



Figure 10a. Two Techniqiiies for Vertical Scan 


THE QUICK BROUN FOX JUMPS 
OVER THE LftZY BOG X1834S6Z890 


Figure 10b. Example of Character Generation Using 
Pedestal-type Scan. 

Long shift registers, operating at relatively slow 
rates can be used. The character rate— the register 
shift rate— is no more than 1/6 of the column- 
select rate for a 5 x 7 font, since the beam traces 
one complete character before going on the next 
one. A dot counter loads spacing bits between 
characters via the TTL shift register, a character 
counter triggers the sawtooth or pedestal scanning 
patterns, and a row counter would control posi- 
tioning of the beam in a page display system. 
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In the new single ROM (MM5241) version of this 
system, (figure 11), a 9-bit address is needed, 
6 bits for the ASCII code and 3 bits for dot col- 
umn select. Since the ROM stores five dot columns 
for each of 64 characters in a 5 x 7 font, 3 decode 
line are necessary. Also, the ROMs are pro- 
grammed differently for sawtooth or pedestal 
scanning. Because the output pins are committed 
for ail columns, external connections cannot 
simply be used to reverse output bit order. 

Hard-copy printers can use the same fonts as 
vertical scan CRT displays. MOS registers may be 
used for data input buffering, but of course refresh 
registers are not generally required. The character 
generator output may be used to select some com- 
bination of 35 hammers, needles or electrodes that 
print the 5 x7 dot patterns on the paper. One 
technique for handling the character generator 
output is shown in Figure 12, 

In Figure 12, a TTL counter connected to divide 
by six (five columns and the blank column space 
between characters) generates the column select 
address. The ROM's outputs are accumulated in 
TTL latches (or held in TTL serial-in/parallel out 
shift registers). When all dots for a character are 


ready, they are printed. In tape printing applica- 
tions in which a 7-transducer array sequentially 
prints or punches a column at a time as the paper 
moves under the transducers, the ROM outputs 
can be used as they are generated unless storage is 
required for some other purpose. 

Character generators are not needed for conven- 
tional electromechanical typewriters. But MOS 
ROMs do have a role here— one version of the 
MM521, for example, is programmed to convert 
the ASCII communications code into the Selectric 
code used to control ball-type printers. 


PRINTING APPLICATIONS 

The application of character generators in a 
printing application is normally quite different 
from that of the display system, Most printers 
require that a total character font be available 
before the print is executed. An example of a 
practical method of accQrriplishing this (Figure 12) 
is to sequence the character generator element 
through the font sequence. Each of the character 
columns or rows is addressed. The character gen- 
erator output data at each of these address inter- 
vals is transferred into bipolar memory. This 



Figure 11. Vertical Scan Display System 



Figure 12. Printer Application Block Diagram 
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memory not only satisfies the memory storage but 
also the general power buffer which is required 
between the MOS character generator and the 
electromechanical on thermo electric printer. In 
the printer application there may be a requirement 
to buffer the input data with-data storage because 
of the relative differences in data and printer rates 
but generally there is no need to retain the printed 
character intelligence. 

The data transfer from the character generator to 
the bipolar memory in Figure 12 is accomplished 
by sequencing the column address lines and en- 
abling the appropriate memory simultaneously. 
Each pair of DM8550s (SN7475s) then contains 
the data for one of the five columns in a character. 
The DM8842 (SN7442)— one in 10 decoder pro- 
vides the decoding functions which are connected 
to the enable line on the quad latches. 

LARGER, FASTER SYSTEMS 

Most low cost terminal designs have been based on 
the 5x7 font because of the high cost of diode 
matrixes and wideband video circuits. But it is by 
no means the most legible font. A 5 x 7 font is 
acceptable for applications in which the display 
changes slowly, but human engineering studies 
indicate that It causes severe eyestrain when an 
operator reads rapidly changing data. 

The greatest portion of the discussion has dealt 
with a 5 X 7 font. A full 64 character display can 
be coded into a single MOS package. Now that LSI 
has entered the scene, we see a different trend 
towards larger, more stylized font. The economy 
of MOS ROMs will provide the customer with a 
more legible character font at the present cost of 
"discrete" character generators. An analysis of the 
most practical solutions to various fonts are tabu- 
lated in Table 2. The part types which have been 
used to generate a 64 x 7 x 5 raster scan font are 
the SK0001-3 ROM kit or the MM5240 which is 
under development. The vertical scan font is satis- 
fied by the SK0002-3 ROM bit or the MM5241 
which Is under development. If we examine the 
other possible fonts, these same two monolithic 
elements will satisfy the requirements if they were 
64 X 8 X 5 and 64 x 6 x 8 respectively. Therefore, 
the added memory storage is being incorporated 
into the MM5240 and MM5241. In some of these 
cases the font is scanned in the horizontal dimen- 
sion while in others the font is scanned in the 
vertical dimension. You find both the 8x5 and 
6 X 8 elements capable of satisfying the font 
matrix requirement. Since all the ROMs listed are 
static by design, there are no special clocking hard- 
ships induced with the solution of any of these 
larger fonts. This is not true for all dynamic ROM 
solutions. 

As mentioned before and shown in the table, the 
same ROM element is used In both raster scan or 
vertical scan applications. If we recall the design 
solutions showing the refresh memory and char- 
acter generator for a 5 x 7 display, the first thing 


which is apparent is that the sequencing of the 
character generator is different in each of the two 
basic techniques. In one case the character genera- 
tor is sequenced at the character rate (raster scan) 
while in the other case the generator element is 
sequenced at the column rate (vertical scan) of the 
font. 

Since a display utilizing the vertical scan tech- 
niques has input address changes at some multiple 
of the display character rate, a clocking system for 
a dynamic ROM character generator must be 
supplied. This requires the addition of a frequency 
divider and clock generator which results in a 
higher system cost when dynamic ROMs are used. 

A second consideration which should not be over- 
looked in systems cost is the compatibility of 
ROMs in multi-package character fonts. Optimum 
ROM usage and organization will result in lower 
systems cost. ROMs will also find applications in 
micro-programming and code conversion where 
synchronous operation is preferred. 

The 8x10 font is much better and 12 x 16 is 
almost optimum for legibility. Small, lowercase 
characters can be sharply defined, too, and they 
almost appear to be drawn with continuous 
strokes. 

System designers considering these fonts for low- 
cost displays run, at present. Into CRT cost prob- 
lems. The least expensive displays are television- 
type CRTs with limited video bandwidth. Band- 
width also limits the number of characters that can 
be displayed simultaneously. Not counting the 
times required for beam retrace and functions 
other than character generation, which reduce the 
time available in a refresh cycle for dot handling, 
the necessary bandwidth is roughly: 

BW = (dots and spacing bits per character) 

X (characters per display row or page) 

X (refresh rate) 

TV-type CRTs have a maximum bandwidth of 
about 4 MHz, of which only about 2.5 MHz is 
generally useful. If one uses a 5 x 7 font with one 
spacing bit (6 x 7 total) at a 60- Hz refresh rate, 
each displayed character needs 2.52 kHz of band- 
width, so the limit is about 1,000 characters. In 
contrast, the new ROMs take as little as 700 nano- 
seconds to generate a dot line, or about 5 /is per 
character. That's fast enough to generate 200,000 
characters a second, or a display of more than 
3,000 characters at the 60- Hz refresh rate. The 
actual dot rate in the serial bit stream to the CRT 
can approach 10 MHz. And if larger fonts are 
generated in some multiplexed addressing mode, 
the required bandwidth can be much higher. 

Luckily, these problems are not insurmountable 
and there are alternatives to using oscilloscope- 
quality CRTs or storage tubes, which are fine for 
high performance applications but too rich for 
low cost terminals. 


11-10 



Obviously, the designer can drop the refresh rates. 
New CRTs with longer persistence phosphors 
facilitate this. Also, CRT manufacturers have been 
responding to the new terminal market by working 
on bandwidth improvements, and they are appar- 
ently going to reach 10 MHz in moderately priced 
video systems soon. 

Finally, the designer is not obliged to display his 
characters digitally just because he uses a MOS 
ROM. Don't forget that the ROM is really working 
as a code converter, generating a 35-blt machine 
language code from a communications code. The 
language translation can be whatever the situation 
requires. 

All that need be done is update methods used in 
analog displays, which form characters with 
strokes rather than dot lines or columns. The 
ROMs can be programmed such that the bit out- 
puts, when Integrated, control X and Y ramp 
generators. The slopes of the ramp functions are 
determined by the number of bits in a sequence 
and the lengths are determined by the locations 
chosen for turn-off bits. As in the vertical scan 
technique, the ROM is addressed at the character 
rate. 

Even though some characters can be formed with 
one or two strokes (I, L, etc.), equal time should 
be given to all characters in a page display to keep 
the character rows aligned. A standard sized area 
of the MOSFET array, such as 6 x 8 or 5 x 8 
should be used for each character. Most patterns 
would thus be a combination of stroke and no- 
stroke outputs. The single-chip fonts have an 
8-stroke capacity for each of 64 characters which 
Is more legible than the standard segmented type 
of instrument readout, since slant lines could be 
generated wherever needed. 

APPENDIX 


WHAT ABOUT INSTRUMENTS 
AND CONTROLS? 

While It is safe to predict that 1970 will be "the 
year of the MOS” in alphanumeric terminals, MOS 
applications in numeric readouts are just beginning 
to emerge. 

A new device with considerable promise in this 
field is a high voltage, MOS static shift register, the 
MM5081. Developed by National, it has a TTL- 
compatible serial input, 10 parallel outputs that 
can stand off -55V, 10 latching-type storage 
stages, and a serial output. 

This novel combination of functions means that 
the MM5081 can drive tamps, numeric indicator 
tubes, filament tubes in segmented number and 
symbols displays, electroluminescent panels, and 
the new gas-cell arrays. In short, it provides MOS 
with a good foothold on the numeric side of the 
readout family tree in Figure 1. 


The register stages can either shift the bits to the 
serial output for recirculation or store the data 
indefinitely. Hence, displayed characters can be 
swept along a line of indicators, "frozen" on a 
stationary display, or made to reappear period- 
ically at any desired repetition rate. 

A code-converting/character-generating ROM can 
be placed at the register input, to display numbers 
and symbols or alphanumerics. A designer can get 
almost as much flexibility from a lamp or panel 
display as from a CRT display. In fact, the first 
application of the MM5081 is controlling a matrix 
of neon lamps in a moving billboard display. 

Some applications for character generators in in- 
struments are also cropping up. Displaying range 
scales on an oscilloscope is a good idea that can be 
improved upon with the new ROMs. The display 
frees the operator of the chores of mentally calcu- 
lating scale factors and manually writing these on 
scope photos. With an alphanumeric font, the 
camera can also record information such as test 
conditions, date and time of test, identification 
numbers, etc. Photo sequences and the data 
needed to analyze the curves can be coordinated 
automatically. 

Similarly, a ROM can be programmed to display 
standard curves for go-no-go equipment checkout 
operations. For example, if a radar's pulse ampli- 
fier should have certain output characteristics, the 
ROM generates the correct output curves through 
a digital-to-analog converter and stroke generator. 
When an actual operating characteristic and the 
reference curve are displayed simultaneously, the 
operator can tell at a glance whether the radar is 
functioning properly. Many curves or general pur- 
pose curve segments can be programmed into a 
ROM and picked out as needed with selector 
switches or a ROM microprogrammer. 

ROMs can be programmed as lookup tables, 
random-logic synthesizers,"^ encoders, decoders, 
and microprogrammers as well as character genera- 
tors. A single ROM can perform limited combina- 
tions of these functions, virtually qualifying it as a 
microcomputer. It has been suggested that this 
capability be used in control panels to perform 
functions like actuating an alarm when a trans- 
ducer level goes out of range and initiating cor- 
rective action. ROM addresses can be derived from 
digital meter circuitry. In multi-point measuring 
systems, this would provide the solid state equiva- 
lent of a rack of meter relays. 

DEFINITIONS OF DISPLAY TERMS 

Font: A set of printing or display characters of a 
particular style and size. A typical dot-character 
font is 5 X 7, referring to the number of dot loca- 
tions per character. 

Dot Character: A character formed by a pattern of 
bright dots on a CRT screen or dark spots on hard 
copy, rather than by continuous strokes. The dot 
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pattern corresponds to bit-storage patterns in a 
digital memory. 

Column: In a dot character matrix for vertical 
scanning, a column is a vertical series of dots. On a 
page display, a column contains several vertically 
aligned characters. In this article, a column refers 
to a dot column. 

Row: A horizontally aligned group of characters 
on a display. 

Line: In this report, line refers to the number of 
dots displayed in a single scan when a raster scan 
character is generated. In a 5x7 dot character, 
there are seven lines of 5 dots each. 

Page: A display consisting of several rows of char- 
acters, corresponding to lines on a printed page. 
Raster Scan: See Figure 9. 

Vertical Scan: Two types of CRT vertical scans are 
shown in Figure 10. In hard copy applications, the 
dots in a column or character may be printed 
simultaneously by the printing transducers rather 
than being scanned. 

Sawtooth Scan: See Figure 10. 

Pedestal Scan: See Figure 10. 


Dynamic Element: A digital device that must be 
clocked. A dynamic shift register must be clocked 
to retain data. A dynamic ROM is clocked to 
decode the address and generate an output. 

Static Element: A device that does not have to be 
clocked to retain data. A static ROM uses direct 
coupled decoding for bit selection and static out- 
put buffers. 
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HIGH VOLTAGE SHIFT REGISTERS 
MOVE DISPLAYS 


There was a time when one had to go to Times 
Square or Picadilly Circus to see a moving lamp 
display. But now they're going into stadium score- 
boards, stock brokers' offices, waiting rooms and 
many other places where an attention-getting man- 
machine interface is wanted. 


Naturally, display designers would like to make 
the control and drive circuitry more compact and 
less expensive. What's needed, to replace the banks 
of discrete switching devices is storage and switch- 
ing high-vajtage circuits in monolithic form. That's 
exactly why National developed the MM 5081 high- 
voltage MOS shift register. 

This unusual 1C is the first MOS device capable of 
driving gas-discharge tubes and other high-voltage 
display elements without going through a bipolar 
buffer such as a transistor or SCR. Moreover, it can 
"walk" the message around and around the dis- 
play when operated in a recirculating mode. The 
latter feature provides a clear-cut division between 
system functions — the MM508Ts take on the re- 
sponsibility of display operation per se, while the 
system logic need only format messages and con- 
trol updating by invading the registers. In other 
words, the main system logic need pay only inter- 
mittent attention to display operation. If the rhain 
system is a data-processing computer, for instance, 
it can handle the display like any other peripheral. 
Relieved of responsibilities for moving and refresh- 
ing the display, the main system can do mote data 
processing between display updates. 


REGISTER PLUS SWITCHES 

Figure 1 shows in simplified form how one 
MM5081 would be connected to drive a bank of 
10 neon lamps. A data bit stream is entered into 
the serial input and shifted at the clock rate to the 
serial output. Then, It can be routed back to the 
Input and recirculated to repeat the display motion. 

The states of the data bits circulating through the 
register control the switching of the MOS output 
transistors. When a bit in the true state (MOS 
logical "T') is being stepped down the 10 register 
stages, the lamps will turn on and off in sequence 
at the register clock rate. In this mode, the clock 
rate is the display rate. A typical display rate will 
move the light along by no more than two or 
three lamps per second, making any message dis- 
played on parallel rows of lamps easy to follow and 
read. A latch-type register cell that can shift at fre- 
quencies to DC and a single-phase clock input are 
used in the MM5081 to achieve this effect. How- 
ever, the logic formatting the data for display will 
haye to run at some higher rate. If the control 
system has other functions as well, it may be 
desirable to load the register at a clock rate in the 
hundreds of kilohertz. At such a high rate, the 
bit stream flashes by the 10 parallel output 
switches too rapidly to see the lamps being turned 
bn. After loading, when the main system logic is 
ffeed, the clock rate is dropped to the display 
rate and the message is seen. The message simply 
recirculates at the display rate until new data is 
ready for loading. 



FIGURE 1. Block Diagram 
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The use of high-speed logic for control is facili- 
tated by making the MM5081 with low-threshold, 
p-channel, enhancement-mode MOS transistors. As 
a rule, a low threshold device allows data to be 
entered at bipolar logic levels. 

The output transistors do not need a large gate- 
voltage change to turn on and off. They are also 
low-threshold devices in this sense. But they have 
to withstand transients up to 100 volts and stand 
off steady state voltages up to 55V to operate 
lamp-type displays reliably. Adequate gate logic 
voltages for the output transistors must be ensured 
to make the lamps glow brightly when they should 
be on or to make them free of any residual glow 
due to switch leakage when the switching tran- 
sistors are turned off. That Is, a low Rqn and high 
Rqff niust be ensured despite very high voltage 
on the MOSFET drains. Because a pullup resistor 
is used, the input gate should be a TTL or DTL 
device with an uncommitted-collector output able 
to withstand at least 10V. Among such devices are 
the DM8810, DM881 1 or DM7426 (SN7426) quad 
NOR-gates, or the DM8812 hex Inverter, All these 
TTL devices will stand off to 14V. 

The other two gates used in the input switch can 
be any TTL or DTL types. The arrangement shown 


brings the serial output back to the serial input 
through the top gate when the "new data enable" 
line is low (DTL/TTL logical "0") or permits the 
registers to be reloaded with new data when the 
enable line is high. A pull-down resistor is placed 
on the register output to handle 1.6 mA the cur- 
rent sinking required for operation of the TTL or 
DTL recirculation control gate. 

TICKER-TAPE DISPLAY 

A straightforward type of moving lamp display is 
illustrated in Figures 2 and 3. Simple messages such 
as CALLING DR. CASEY ... CALLING DR. 
CASEY. . . DR. CASEY, PLEASE REPORT TO 
SURGERY ... or stock quotes, or a series of 
instrument readings would be displayed as 7X5 
characters by this system. That Is, each character 
would be a lighted lamp pattern selected from a 
moving matrix seven lamps high by five lamps 
with a movingcolumn of lamps turned off between 
characters. The off column is a space bit In each 
lamp row. 

Assume that the display Is long enough for 33 
characters. Each row requires 33X6 lamps and 
198 register stages. Each row Is a cascade of 20 
MM5081's. The input of the first register and the 



SUPPLY 


FIGURE 2. 7XN Bit Shift Register and Display 
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output of the fast register are connected as in 
Figure 1, and the registers in between are simply 
daisy-chained by connecting each serial output to 
the next serial input. All seven rows would use 
140 register packages. 

The character data for this type of system can be 
formatted by a standard character generator. For 
instance, the standard ASCII code can address a 
bipolar compatible read-only memory such as 
National's MM 5241 A A, which is programmed to 
generate 5X7 dot-type characters for CRT display. 
However, in the lamp display system, the display 
refresh function is handled without an additional 
memory. The column bits are entered in each 
register chain, as before, through the input gating 
at a rate determined by the clock rate supplied 
the MH0025C clock driver. The MH0025C is a 
two-phase driver. However, since the MM5081 
takes a single-phase clock input (converted to a 
two-phase clock inside the register package), only 
one of the dual drivers in the MH0025C package 
is shown (the other half can be used to share the 
clock-drive load). 

After the registers are loaded, the clock into the 
driver is dropped to a frequency of 2 Hz, If the 
register was loaded at a higher frequency. This rate 
is stabilized by the coupling capacitor Cq. The 
coupling capacitor on this type of driver deter- 
mines the maximum pulse width, but the mini- 
mum pulse width is established by the clock 
signal. So, at the lower frequency, the characters 
sweep smoothly from right to left across the dis- 
play lamps. They repeat the message every 1 00 
seconds because 200 register stages are in each of 
the seven parallel rows. 


The -^125V supply turns on the (amps, and the 
-45V supply turns them off. But what is actually 
being used is the voltage difference, or bias. Most 
glow-discharge lamps require a 65V starting voltage 
and a GOV holding voltage. The switch keeps the 
lamps alternating between these levels while the 
MOS transistors are on, but imposes a maximum 
voltage of only -65V on the MOS transistors (that 
is, 125-60V) for the 5 msec "on" time. The 
MM5081 can easily take this — the spec allows 
-100V at 60 Hz (or 16.66 msec) and they are 
stress-tested to this level. 

INDUSTRIAL DISPLAYS 

The characters displayed can be any kind of 
symbol within the resolution of the lamp array — 
from letters to cartoon characters — and within the 
flexibility of the controls. Getting patterns to 
move back and forth while changing shape is 
technically feasible, but would require complex 
clocking techniques to put the bits in the desired 
location. Static pictorial displays would be fairly 
simple to implement, merely requiring loading of 
the registers at a high rate followed by storage at 
a DC display rate for the desired time. Although 
the characters would appear static, the high-voltage 
switch would keep the actual duty rate low. 



switch. The purpose is to limit the current and 
voltage across the lamps and the MOS output tran- 
sistors to ensure that they operate reliably and 
have long lives. Also, the method reduces power 
consumption and allows lower power, inexpensive 
high-voltage power supplies to be used. 

The high-voltage switch seen in Figure 3 and 
detailed in Figure 4 switches at a rate of 50 Hz and 
a duty cycle of 25%. Thus, when any of the MOS 
output transistors is on, the lamp that is "on" 
during that 250 msec display-rate interval (100% 
duty cycle at 2 Hz) is actually on for only 5 msec 
at a time. Then it turns off for 15 msec. This re- 
fresh rate was chosen because it provides a good 
lamp intensity with no apparent flicker. 


+5V -45W 



FIGURE 4. High Voltage Switch 
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There are many potential new applications for 
moving-lamp displays in industrial control systems. 
Functions such as process flow rates through 
several feeder pipelines or subassembly line rate 
in an assembly plant, cannot easily be set up on a 
CRT display. Complex computer graphic tech- 
niques or very expensive multi-gun displays may 
be needed. 

The clock rates and lengths of a number of rows 
of lamps can readily be adjusted by hand-operated 
controls, such as voltage-controlled oscillators and 
gating between registers chosen by selector switch- 
es. Any feeder-line display rate that can be repre- 
sented by the display rate could therefore be varied 
at a compressed scale of time and distance until the 
display operator arrived at the optimum balance 


of rates. This is a visual approach to a problem that 
generally requires complex mathematics and ana- 
log computers to solve. 

Nor do the rows of lamps have to be aligned. 
Individual rows might represent route sections in 
a transportation network between junctions. By 
driving each section at a display rate simulating 
the speed of a particular train, and switching the 
"train” of moving lights from row to row via 
switches at the junctions (serial output to serial 
input register connections), control personnel 
could simulate system operation. Problems such 
as tie-ups — or worse — at junctions could be work- 
ed out by varying display rates for the trains whose 
schedules conflicted. 
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LOW FREQUENCY OPERATION WITH DYNAMIC 
SHIFT REGISTERS 


In many dynamic shift register applications, it is 
advantageous to operate the circuit at low clock 
frequencies or in clock burst modes where high 
frequency clock rate periods are followed by long 
intervals in which the clocks are absent. To insure 
that his system will operate correctly under these 
conditions, the designer should be aware of the 
limitations of the type of shift register he is using. 

There are two basic forms of dynamic shift register 
cells: the ratioless and the ratio. The ratioless 
circuit of Figure la is based on a capacitor pre- 
charge concept. During 01^ clock time, node B is 
precharged by transistor Q3; i.e., Q3 is turned on 
by 0IN, creating a low Impedance path from node 
B to Vqg which charges the node capacitor C2 to 
a negative voltage. Data is coupled at the same time 
through transfer transistor Q| to node A, the gate 
of Q2. If the incoming data is a positive or "0" 
level, Q2 will be In a high Impedance off state, and 
node B will charge to a negative voltage one thresh- 
old more positive than the 0,^ clock amplitude. 


When 0IN returns to a positive level. Q3 is shut 
off, isolating the precharged voltage of node B. 
The stored charge of node B, coupled with an 
additional increment contributed by C4, redistri- 
butes between nodes B and C when the 0out 
clock turns on transistor Q4. The redistributed 
charge develops a negative voltage "1" level across 
C3 which becomes isolated when 0qut returns to 
a "0" level. The "1" level turns on Q5, resulting 
in a low impedance path between the output of the 
cell and Vss, establishing a "0” level at the output. 

In the ratioless cell, there are two nodes which 
become isolated from any charge replenishing 
source during normal operation of the circuit: 
nodes B and C. These are the nodes which establish 
the low frequency limitations of the cell. In most 
designs node C, the gate of the logic transistor Q5, 
is the limiting node because total capacitance is 
less. If we had assumed the initial data coupled by 
Qi during 0nsj to be a "1" level, then node A 
would of course be the limiting node of the cell. 


Vgg 



FIGURE la. Ratioless Dynamic Shift Register Cell 
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Vdd 



DATA INPUT 



FIGURE 2. Timincj Diagram For Two Phase Dynamic Shift Registers 


The ratio dynamic shift register cell of Figure 1b 
has only one isolated node which limits minimum 
frequency operation. It, like the ratioless cell, is 
the gate node of the logic transistor. The ratio cell 
does not rely on stored precharge to establish a 
"1" level on a succeeding logic gate mode. If a 
"0" level had been transferred to node A of the 
ratio cell by Qi during 0)^ time, Q2 would be off. 
A 0OUT " Isvel would turn on Q3 and Q4 creat- 
ing a charging path between node C and Vqq, 
resulting in a "1" level at node C. The node would 
be isolated by Q4, just as in the ratioless cell, 
when 0OUT returns to a "0" level. 

If the data coupled by had been a "1", both 
Q2 and Q3 would be on during 0qut time. To 


establish a "0" at node B in that case, an electrical 
ratio between the on Impedance of Q2 and Q3 
must be considered by the cell designer. 

Charge must be stored at the logic transistor gate 
node of the ratjoless cell for the period of time 
betvveen leading edges of the two phase clocks. 
This is because no charge enters the node B and C 
network after the leading edge of the transfer 
clock (0 out) 3r»d there is no way for charge which 
leaks off the nodes to be replaced. This portion 
of the clock period is defined as a Partial Bit Time. 
The Partial Bit Time between the leading edge of 
0IN and the leading edge of 0out is the T|n period, 
and the time between the leading edge of 0qut 
and the leading edge of 0 in Is Tqut (Figure 2). 
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The period of the minimum operating frequency 
is the sum of the two, or 


0^(MIN) - T .-r (1) 

Obviously the lowest operating frequency can be 
attained when T|n and Tqut 3re each at their 
maximum limit and therefore equal. This says that 
for minimum frequency, 50% clock phasing should 
be used, i.e., the clocks should be equally spaced 
within the bit time. 

The ratio cell has a similar storage requirement, 
but with one difference. During the time the trans- 
fer clock (0OUT Figure 1b) is on, a source of 
charge is available to node C through the ON 
transistors Q3 and Q4, assuming Q2 is OFF. 
Therefore, charge must be stored on the critical 
capacitor C2 only after the transfer clock has re- 
turned to a "0" level, and isolated the node. This 
required storage time is usually referred to as Clock 
Phase Delay Time (0^). The phase delay time be- 
tween the trailing edge of 0 in and the leading 
edge of 0OUT 'S 0d; the time between the trailing 
edge of 0 out and the leading edge of 0 im is 0^ 
(Figure 2). Minimum clock operating frequency is: 


0INPW + <.d+0OUTPW + ?d 
assuming clock rise and fall time « 0pw- 

Optimum low frequency operation can be obtained 
when the clock pulsewidths and phase delays are 
maximized and made equal. In most cases this 
would mean TO /is clock pulsewidths and 50% 
clock phasing. For power or system application 
reasons it is usually not convenient to use such 
wide pulsewidths, and the minimum clock fre- 
quency is simplified to 


Where T = Junction temperature. °K 
K = Proportionality constant 
II = Leakage current of P-N junction 

Therefore Partial Bit Times and Clock Phase Delays 
will be a definite function of temperature. Figure 3 
shows a curve for Partial Bit Times as a function of 
temperature for a typical shift register using a 
ratio-less cell. Figure 4 gives the corresponding 
minimum operating frequency versus temperature 
for two cases: when Tin = Tqut (50% clock 
phasing), and when one of the Partial Bit Times is 
minimized, the other maximized. Minimum Partial 
Bit Time Is: 

T(min) “ 0 PW (min) + 0tf 0dl(MlNy (5) 

Any Partial Bit Time between minimum and maxi- 
mum at a given temperature can be used. The 
minimum clock rate would be calculated using 
Equation 1. 



AMBIENT TEMPERATURE ( C) 


FIGURE 3. Maximum Partial Bit Time vs 
Ambient Temperature 


0f(MIN) ^ - -- (3) 

0d + 0d 

assuming 0PW « 0d or 0^c* 

Maximum Partial Bit Times and Clock Phase Delays 
for a given circuit are a measure of the ability 
of the critical nodes within the cell to store a 
minimum voltage level. Charge is usually lost due 
to leakage currents associated with the semicon- 
ductor junctions of the nodes. The total reverse 
leakage current for a p-n junction is the sum of 
three components; the bulk diffusion current, 
charge generation current and surface leakage cur- 
rent. Within the normal operating junction temp- 
erature range of MOS shift registers (—55°C to 
150°C), the charge generation current is the pri- 
mary component of leakage. Charge generation is 
usually attributed to recombination centers with- 
in the depletion layer of the junction. Leakage 
current generated in this manner is usually ap- 
proximated by the expression 

Ir = KT®'^ e -7020/T (4) 





~20 20 60 166 146 

AMBIENT TEMPERATURE rC) 


FIGURE 4. Minimum Clock Frequency vs 
Ambient Temperature 


If the shift register utilizes a ratio cell, a curve 
identical to Figure 3 could be used to obtain maxi- 
mum Clock Phase Delays for any required tempera- 
ture. Equation 2 or Equation 3 could then be used 
to calculate minimum clock frequency at that 
temperature. 
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The shift register user can often increase his mar- 
gin of safety when operating at low frequency, or 
for long periods of time with the clocks stopped, 
by designing the system with that operation in 
mind. The ambient operating temperature of the 
registers should always be minimized. The cell re- 
quires a minimum voltage at the critical node to 
operate, and the time to discharge the node to that 
value is. dependent upon the initial voltage, as well 
as capacitance and leakage: 



^NODE (ViNtTIAL ~ ^MIn) 

II 

T||vi or Tout ratioless cells; 


( 6 ) 


= or for ratio cells 
Cnode = Total capacitance at critical node 

^initial = Voltage at critical node immediately 
after isolation of that node by trans- 
fer clock. 


Vmin “ Minimum voltage required at critical 
node for operation. 

Il = Total leakage current at critical node. 


The Initial voltage can be optimized in two ways; 
by using the highest clock amplitude possible and 
by allowing something greater than minimum clock 
pulsewidth to insure that the maximum amount of 
charge is coupled to the node (and in the case of 
the ratioless cell, that the maximum precharge 
voltage is obtained before transfer). A high value 
of Vqg or Vdo, the negative supply voltage, in- 
creases on-chip power and therefore junction tem- 
perature, as well as Increasing the minimum re- 
quired node voltage. It Is a good idea, therefore. 


to stay away from very high supply voltages. When 
both the clock driver reference voltage and Vgg 
or Vqd are the same supply, the best tradeoff Is 
toward the higher end of the specified range, how- 
ever. One other consideration which applies during 
operation at any frequency, but particularly at low 
frequency, is excursions of the clock line more 
positive than Vss- This forward biases internal 
junctions which results in parasitic PNP transistors. 
If the collector of the parasitic PNP happens to be 
a critical node, the circuit will fail. Because critical 
nodes are often closer to the minimum required 
voltage during low frequency operation, registers 
are usually more sensitive to positive clock spikes. 

When calculating temperature effects of a system 
operating in the clock burst mode, the designer 
must remember that power dissipation in the shift 
register Is approximately double at 2.5 MHz what 
it is at 100 kHz. High frequency bursts will heat 
the chip, causing high junction temperatures which 
reduce the time the clocks can be off. 


SUMMARY 

Dynamic shift registers can be operated at very 
low clock rates if manufacturers data sheets are 
consulted and the proper clock phasing is used. 
Added margin can be designed into systems by 
keeping clock amplitudes high, the clock pulse- 
widths 10 to 20% wider than specified minimums, 
power supplies low and temperatures as low as 
possible. Beware of circuit board hot spots which 
increase the temperature of individual packages, 
or extensive interlead coupling or ringing which 
could result in positive clock spikes. 
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AMERICAN AND EUROPEAN FONTSiN 
STANDARD CHARACTER GENERATORS 


Ten popular American and European 64-character 
subsets for displays and printers are now available 
from National as single-chip, standard character 
generators. These parts, listed in Table 1, are sold 
off-the-shelf without a ROM masking charge. 

The ROMs are static, bipolar-compatible types, 
operating without clocks on standard power sup- 
plies. Row and column access times are typically 
450 and 700 ns respectively. An MM4240/MM5240 
2560-bit ROM is used for the 5 x 7 horizontal-scan 
fonts and an MM4241/MM5241 3072-bit ROM for 
the 7x5 vertical-scan fonts. The MM4240 and 
MM4241 operate at -55°C to +125°C and the 
MM5240 and MM5241 at -25°C to +70°C. 


Input-output configurations and character formats 
for the ROMs are shown in Figures 1 and 2. Appli- 
cation Note AN-40 The Systems Approach to 
Character Generators gives examples of line and 
column address-control logic, and CRT and printer 
operating techniques. 


TYPE NUMBER 

CODE 

64-CHARACTER SUBSET 

FIGURE 

Horizontal Scan (5x7) 




MM4240AA/MM5240AA 

ASCII 

Upper-case alphanumeric 

3 

MM4240AE/MM5240AE 

ASCII 

Lower-case alpha and symbols 

4 

MM4240ABU/MM5240ABU 

Hollerith 

Upper-case alphanumeric 

5 

MM4240ABZ/MM5240ABZ 

EBCDIC-8 

Upper case alphanumeric 

6 

MM4240ACA/MM 5240ACA 

EBCDIC 

Upper-case alphanumeric (IBM) 

7 

Vertical Scan (7x5) 




MM424 1 AB L/MM524 1 AB L 

ASCII 

Upper case alphanumeric 

8 

MM424 1 AB V/M M524 1 AB V 

ECMA 

Upper-case A/N, Scandinavian 

9 

MIVI424 1 ABW/MM5241 ABW 

ECMA 

Upper-case A/N, German 

10 

MM4241ABX/MM5241ABX 

ECMA 

Upper case A/N, general 
European (French, British, Italian) 

11 

MM4241ABY/MM5241ABY 

ECMA 

Upper-case A/N, Spanish 

12 


TABLE 1. Single-Chip, Standard Horizontal-Scan and Vertical-Scan Character Generators 



FIGURE 1. Horizontal-Scan Character Generator ROM FIGURE 2. Vertical-Scan Character Generator ROM 
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Note that each ROM has a chip-enable input to 
permit multi- ROM operation with common control 
logic. For instance, two horizontal-scan ASCII 
character generators may be operated in tandem to 
obtain upper and lower-case characters. In this 
case, chip-enable would be controlled with bit bg 
of the normal 7-bit ASCII code, and its com- 
plement, bg. 

HORIZONTAL SCAN FONTS 

The subsets of 64 5x 7 characters In the hori- 
zontal-scan fonts are the ones most commonly 
used In low-cost TV and CRT raster- scan displays 
and dot-matrix line printers. 

MM4240AA/MM5240AA contains the ASCII-6 pre- 
ferred graphic subset, formed from ASCI 1-7 by 
ignoring bit bg. The remaining six bits form two 
octal address characters. One is formed by the 
three more significant bits, by, bg and b 4 , and the 
second by b 3 , b 2 and bi. 

Also, characters 36 and 37 in ASCII (x3.4 1968)* 
are respectively a carat (or circumflex), and an 
underscore. These are awkward in a video display, 
so they are replaced by the more useful arrows. 
(The arrows are related to characters in an older 
teletypewriter set). This font, shown in Figure 3, 
is also described on the MM4240/MM5240 data 
sheet (which should be referred to for operating 
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characteristics of all the horizontal-scan character 
generators). 

MM4240AE/MM5240AE generates unique symbols 
describing the ASCH-7 control codes, as well as 
lower-case letters (Figure 4). The designer may not 
wish to display or dot-print the symbols. Since the 
symbols are generated only when the most signifi- 
cant address bit is logic "0", this bit line may be 
used to disable the chip, and blank the screen when 
control signals are transmitted. If not, the system 
designer can use the symbols as he tikes. 
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FIGURE 4. MM4240AE/MM5240AE Horizontal-Scan 
ASCII-7 Lower-Case Graphic and Control 
Symbol Subset 
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FIGURE 3. MM4240AA/MM5240AA Horizontal-Scan 
ASCI 1-7 Graphic Subset 


The Hollerith character subset in Figure 5b is 
formed by using six gates to compress the 12- 
line Hollerith code to the 6-bit address for 64 
characters, as shown in Figure 5a. 

As shown in Figure 6, an ASCII-compatible subset 
is provided by the EBCDIC-8 character generator 
(MM4240ABZ/MM5240ABZ) by simply ignoring 
the two most significant bits, bg and b-|, in the 
EBCDIC-8 code. The ABZ version follows the 
ANSI standard, while the ACA version follows the 
IBM Style. A cent sign, and IBM's logical OR and 
logic NOT signs are given by the ACA subset 
(characters 12, 17, and 37). And a plus or minus 
sign is provided, as character 52. (See Figure 7.) 


*American National Standards Institute (ANSI) 
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MM4240ABU/MM 5240ABU Typical 
Address Inputs 
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60 61 62 63 64 ( 
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FIGURE 5b. MM4240ABU/MM5240ABU Horizontal 
Scan Hollerith Graphics Subset 
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VERTICAL SCAN FONTS 

All five of the standard vertical-scan subsets in 
Figures 8 through 12 are generated with 6-bit 
codes derived from code recommendations R646 
of the International Organization for Standardiza- 
tion. These recommendations cover ASCII-7, Eur- 
opean ECMA-7 and GCITT alphabet number 5. 

The ASCII subset for American use, in Figure 8, 
is practically identical to the horizontal-scan subset. 
Those in Figures 9 through 12 follow preferred 
character styles in the countries indicated. The 
underscore (character 37) is dropped below the 
line so that it may be used as a cursor. 


• • • • • 


05 06 

000 1 01 000 110 


• • • 
••• • 

Z5 26 

010 101 010 lie 
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Vertical-scan character generators, are generally 
used in dot-matrix tape printers, ink-dot spray 
printers and high-definition sawtooth or pedestal- 
scan CRT displays. They may also be used to 
control raster-scan TV tubes or CRTs if the tube 
is turned on its side so that the raster scan is made 
vertically to provide a page-like format. 

With standard programming, the bits in the column 
outputs are sequenced for a sawtooth scan with 
dot columns running in the same direction, as 
illustrated in Figure 13a. For a pedestal scan. 
Figure 13b, alternate columns can be reversed 
by putting an 8-bit shift left/shift right TTL 
shift register (DM74198) on the output as illus- 
trated in Figure 14, 
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FIGURE 9. MM4241ABV/MM5241ABV Vertical Scan 
ECMA-7 Font for Scandinavian Use 
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111 ON 111 N1 111010 111011 111 IN 


FIGURE 10. MM4241ABW/MM5241ABW Vertical-Scan 
ECMA-7 Font for German Use 
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FIGURE 14. Conversion of Sawtooth Output to Pedestal Scan 


CUSTOM FONTS 

The two ROMs can also be custom-programmed 
to provide special characters, or fonts larger than 
5x7. The MM4240/MM5240 actually stores 64 
5 x8 characters or character segments and the 
MM4241/MM5241 stores 64 8x6 characters or 
segments. They are not limited to 5 x 7 and 7x5. 


For example, the extra height may be used in an 
otherwise 5x7 font to drop the tails of commas, 
semicolons and lower-case letters below the bottom 
line of the capital letters. Fonts as large as 16 x 12 
are entirely practical without additional control 
logic, using the chip-enable feature of four 
MM5241s. Large-font organizations are discussed in 
AN-40. 
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APPLYING MODERN CLOCK 
DRIVERS TO MOS MEMORIES 


INTRODUCTION 


MOS memories present unique system and circuit 
challenges to the engineer since they require precise 
timing of input wave forms. Since these inputs present 
large capacitive loads to drive circuits, it is often that 
timing problems are not discovered until an entire 
system is constructed. This paper covers the practical 
aspects of using modern clock drivers in MOS memory 
systems. Information includes selection of packages and 
heat sinks, power dissipation, rise and fall time consid- 
erations, power supply decoupling, system clock line 
ringing and crosstalk, input coupling techniques, and 
example calculations. Applications covered include 
driving various types shift registers and RAM's (Random 
Access Memories) using logical control as well as other 
techniques to assure correct non-overlap of timing wave- 
forms. 

Although the information given is generally applicable 
to any type of driver, monolithic integrated circuit 
drivers, the DS0025, DS0026 and DS0056 are selected 
as examples because of their low cost. 

The DS0025 was the first monolithic clock driver. 
It is intended for applications up to one megacycle 
where low cost is of prime concern. Table I illustrates 
its performance while Appendix I describes its circuit 
operation. Its monolithic, rather than hybrid or module 
construction, was made possible by a new high voltage- 
gold doped process utilizing a collector sinker to mini- 
mize VcE SAT. 


The DS0026 is a high speed, low cost, monolithic clock 
driver intended for applications above one megacycle. 
Table II illustrates its performance characteristics while 
its unique circuit design is presented in Appendix II. 
The DS0056 is a variation of the DS0026 circuit which 
allows the system designer to modify the output per- 
formance of the circuit. The DS0056 can be connected 
(using a second power supply) to increase the positive 
output voltage level and reduce the effect of cross 
coupling capacitance between the clock lines in the 
system. Of course the above are just examples of the 
many different types that are commercially available. 
Other National Semiconductor MOS interface circuits 
are listed in Appendix III. 

The following section will hopefully allow the design 
engineer to select and apply the best circuit to his parti- 
cular application while avoiding common system pro- 
blems. 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 

Package and Heat Sink Selection 

Package type should be selected on power handling 
capability, standard size, ease of handling, availability 
of sockets, ease or type of heat sinking required, relia- 
bility and cost. Power handling capability for various 
packages is illustrated in Table III. The following guide- 
lines are recommended: 


TABLE I. OS0025 Characteristics 


PARAMETER 

CONDITIONS (V^ - V") = 17V 

VALUE 

UNITS 

tON 


15 

ns 

toFF 

C,N = 0.0022/uF, R,n=0S2 

30 

ns 

t, 

Cl = 0.000 R0 = 50i2 

25 

ns 

tf 


150 

ns 

Positive Output Voltage Swing 

V,N - V = 0V, louT = -1mA 

V^-0.7 

V 

Negative Output Voltage Swing 

liM ^ lOmA, Iqut ” 1mA 

V + 1.0 

V 

On Supply Current (V^) 

1,^, = 10 mA 

17 

mA 


TABLE II. DS0026 Characteristics 


PARAMETER 

CONDITIONS IV^ - V) = 17V 

VALUE 

UNITS 

^ON 


7.5 

ns 

^OFF 

C,M =0.001iUF, = 0S2 

7.5 

ns 

t. 

R0 = 50S2. Cl = lOOOpF 

25 

ns 

tf . 


25 

ns 

Positive Output Voltage Swing 

V|^j -V- = 0V, Tout = -1mA 

- 0.7 

V 

Negative Output Voltage Swing 

lipg ” 10mA, Iqut ~ 1mA 

V“ + 0.5 

V 

On Supply Current (V^) 

lifsj = 10 mA 

28 

mA 
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The TO-5 ("H") package is rated at 750 mW still air 
(derate at 200° C/W above 25°C) soldered to PC board. 
This popular cavity package is recommended for small 
systems. Low cost (about 10 cents) clip-on heat sink 
increases driving capability by 50%. 

The 8-pin (“N") molded mini-DIP is rated at 600 mW 
still air (derate at 90°C/W above 25°C) soldered to PC 
board (derate at 1.39W). Constructed with a special cop- 
per lead frame, this package is recommended for 
medium size commercial systems particularly where 
automatic insertion is used. (Please note for prototype 
work, that this package is only rated at 600 mW when 
mounted in a socket and not one watt until it is soldered 
down.) 

To TO-8 (“G") package is rated at 1.5W still air (derate 
at 100°C/W above 25°C) and 2.3W with clip-on heat 
sink (Wakefield type 215-1.9 or equivalent-derate at 
15 mW/°C). Selected for its power handling capability 
and moderate cost, this hermetic package will drive very 
large systems at the lowest cost per bit. 

Additional information is given in the section of this 
data book on Maximum Power Dissipation (page 2). 

Power Dissipation Considerations 

The amount of registers that can be driven by a given 
clock driver is usually limited first by internal povver 
dissipation. There are four factors: 

1 . Package and heat sink selection 

2. Average dc power, Ppc 

3. Average ac power, P^c 

4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient 
temperature one can determine Pmax# which is the 
maximum internal power a device can handle and still 
operate reliably. The total average power dissipated in a 
driver is the sum of dc power and ac power in each 
driver times the number of drivers. The total of which 
must be less than the package power rating. 


PpiSS ~ X (^AC PpC ) f^MAX 


Average dc power has three components: input power, 
power in the “OFF" state (MOS logic "0") and power 
in the “ON" state (MOS logic “1"). 


pQC ~ P|N Pqff pQN (2) 


For most types of clock drivers, the first two terms are 
negligible (less than lOmW) and may be ignored. 

Thus: 

(V^-V“)2 

Ppc — Pqn ~ ^ (DC) 

Req 


where; 

- V~ = Total voltage across the driver 

Req = Equivalent device resistance in the 

"ON" state 

= V'*'-V^/ls,oN) (3) 

DC = Duty Cycle 

"ON" Time 

“ON" Time -I- "OFF" Time 


For the DS0025, Req is typically 1 kl2 while Req is 
typically 600T2 for the DS0026. Graphical solutions for 
Pdc appear in Figure 1. For example if = +5V, 
V“ = -12V, Req = 500 Q.. and DC = 25%, then Ppc = 
145 mW. However, if the duty cycle was only 5%, 
Pdc ~ 29 mW. Thus to maximize the number of regis- 
ters that can be driven by a given clock driver as well as 
minimizing average system power, the minimum allow- 
able clock pulse width should be used for the particular 
type of MOS register. 



0 10 20 30 40 50 60 70 

DUTY CYCLE (%) 


FIGURE 1. Ppc vs Duty Cycle 


In addition to Pdc» power driving a capacitive load 
is given approximately by: 


Pac = V xf X Cl (4) 

where: 

f = Operating frequency 
C|_ = Load capacitance 


Graphical solutions for P^c illustrated in Figure 2. 
Thus, any type of clock driver will dissipate internally 
290 mW per MHz per thousand pF of load. At 5 MHz, 
this would be 1.5W for a 1000 pF load. For long shift 
register applications, the driver with the highest package 
power rating will drive the largest number of bits. 
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Combining equations (1), (2), (3) and (4) yields a criter- 
ion for the maximum load capacitance which can be 
d riven by a given driver: 



0 0.5 1.0 1.5 2.0 2.5 

PULSE REPETmON FREQUENCY (MHz) 


FIGURE 2. Pac vsPRF 


Cl< 


Pm A X 

_ (DC) 

n (V^- Vj^ 

Req 


(5) 


As an example, the DS0025CN can dissipate 890 mW at 
Ta = 70°C when soldered to a printed circuit board. 
Req is approximately equal to Ik. For = 5V, V“ = 
-12V,f= 1 MHz, anddc = 20%. Cl is: 


^ ^ 1; [(890x 10“^) 0.2 ] 

1^ [ (21(17)2 1x10^] 

Cl < 1340 pF (each driver) 


A typical application might involve driving an MM5013 
triple 64*bit shift register with the DS0025. Using the 
conditions above and the clock line capacitance of the 
MIVI5013 of 60 pF, a single DS0025 can drive 1340 pF/ 
60 pF, or 00 MM5013's. 

In summary, the maximum capacitive load that any 
clock driver can drive is determined by package type and 
rating, heat sink technique, maximum system ambient 
temperature, ac power (which depends on frequency, 
voltage across the device, and capacitive load) and dc 
power (which is principally determined by duty cycle). 

Rise and Fall Time Considerations 

In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external 
load, and (G) peak transient current available. Details of 
these are included in Appendixes I and W. Figures A! -3, 
Al-4, AH-2 and AIII-3 illustrate performance under 
various operating conditions. Under light loads, per- 
formance is determined by internal design of the driver; 
for moderate loads, by load Cl being reflected (usually 
as Cl//j) into the driver, and for large loads by peak 
output current where: 



;■ AT' , ■ Cl 

Logic rise and fall times must be known In order to 
assure non-overlap of system timing. 

Note the definition of rise and fall times in this appli- 
cation note follow the convention that rise time is the 
transition from logic "0" to logic "1" levels and vice 
versa for fall times. Since MOS logic is inverted from 
normal TTL, "rise time" as used In this note is "voltage 
fall" and "fall time" is "voltage rise," 

Power Supply Decoupling 

Although power supply decoupling is a wide spread and 
accepted practice, the question often arises as to how 
much and how often. Our own experience indicates 
that each clock driver should have at least O.ljuF de- 
coupling to ground at the and V“ supply leads. 
Capacitors should be located as close as is physically 
possible to each driver. Capacitors should be non-induc- 
tive ceramic discs. This decoupling is necessary because 
currents In the order of 0.5 to 1.5 amperes flow during 
logic transitions. 

There is a high current transient (as high as 1.5 A) 
during the output transition from high to low through 
the V~ lead. If the external interconnecting wire from 
the driving circuit to the V” lead is electrically long, or 
has significant dc resistance the current transient will 
appear as negative feedback and subtract from the 
switching response. To minimize this effect, short inter- 
connecting wires are necessary and high frequency 
power supply decoupling capacitors are required if V~ is 
different from the ground of the driving circuit. 

Clock Line Overshoot and Cross Talk 

Overshoot: The output waveform of a clock driver can, 
and often does, overshoot. It is particularly evident on 
faster drivers. The overshoot is due to the finite induc- 
tance of the clock lines. Since most MOS registers require 
that clock signals not exceed Vss, some method must be 
found in large systems to eliminate overshoot. A straight- 
forward approach is shown in Figure 3. In this instance. 


V+=5V 



FIGURE 3. Use of Damping Resistor to Eliminate 
Clock Overshoot 
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a small damping resistor is inserted between the output 
of the clock driver and the load. The critical value for 
Rg is given by: 





In practice, analytical determination of the value for 
Rg is rather difficult However, Rg is readily deter* 
mined empirically, and typical values range in value 
between 10 and 5012. 

Use of the damping resistor has the added benefit of 
essentially unloading the clock driver; hence a greater 
number of loads may often be driven by a given driver. 
In the limit, however, the maximum value that may be 
used for Rg will be determined by the maximum allow- 
able rise and fall time needed to assure proper operation 
of the MOS register. In short: 

^r(MAX) = ff(MAX) ^ 2.2 RsCl 

One last word of caution with regard to use of a damp- 
ing resistor should be mentioned. The power dissipated 
In Rg can approach (V^ — V”)^fC|_ and accordingly 
the resistor wattage rating may be in excess of 1W. 
There are, obviously, applications, where degradation of 
and tf by use of damping resistors cannot be tolerated. 
Figure 4 shows a practical circuit which will limit over- 
shoot to a diode drop. The clamp network should 
physically be located in the center of the distributed 
load in order to minimize inductance between the 
clamp and registers. 



-12 V 


FIGURE 4. Use of High Speed Clamp tq Limit 
Clock Overshoot 


Cross Talk; Voltage spikes from <p^ may be transmitted 
to (and vice versa) during the transition of 0i to MOS 
logic *'1." The spike is due to mutual capacitance 
between clock lines and is, in general, aggravated by long 
clock lines when numerous registers are being driven. 
Figure 5 illustrates the problem. 





-12V 


FIGURE 5. Clock Line Cross Talk 

The negative going transition of <j>^ (to MOS logic "1") 
is capacitively coupled via to 02. Obviously, the 
larger C,^ is, the larger the spike. Prior to 0i's transi- 
tion, Q1 is "OFF" since only juA are drawn from the 
device. 

The DS0056 connected as shown in Figure 6 will mini- 
mize the effect of cross talk. The external resistors to 
the higher power supply pull the base of a Q1 up to a 
higher level and forward bias the collector base junction 
of 01. in this bias condition the output Impedance of 
the DS0056 is very low and will reduce the amplitude 
of the spikes. 


+5V +8V +8V 



-12V 


FIGURE 6. Use of DS0056 to Minimize 
Clock Line Cross Talk 


Input Capacitive Coupling 

Generally, MOS shift registers are powered from +5V 
and -12V supplies. A level shift from the TTL levels 
(+5V) to MOS levels (-12V) is therefore required. The 
level shift could be made utilizing a PNP transistor or 
zener diode. The disadvantage to dc level shifting is the 
increased power dissipation and propagation delay in the 
level shifting device. Both the DS0025, DS0026 and 
DS0056 utilize input capacitors when level shifting from 
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TTL to negative MOS capacitors. Not only do the 
capacitors perform the level shift function without 
inherent delay and power dissipation, but as will be 
shown later, the capacitors also enhance the performance 
of these circuits. 

CONCLUSION 

The practical aspects of driving MOS memories with low 
cost clock drivers has been discussed in detail. When the 
design guide lines set forth in this paper are followed and 
reasonable care is taken in circuit layout, the DS0025, 
DS0026 and DS0056 provide superior performance for 
most MOS input interface applications. 
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APPENDIX I 

DS0025 Circuit Operation 

The schematic diagram of the DS0025 is shown in 
Figure AF1. With the TTL driver in the logic “0" state 
Q1 is "OFF" and Q2 is "ON" and the output is at 
approximately one Vbe below the supply. 



FIGURE AM. DS0026 Schematic (One-Half Circuit) 




When the output of the TTL driver goes high, current is 
supplied to the base of Q1, through Cjn , turning it "ON." 
As the collector of Q1 goes negative, 02 turns "OFF." 
Diode CR2 assures turn-on pf Q1 prior to Q2's turn-off 
minimizing current spiking on the line, as well as 
providing a low impedance path around Q2's base emit- 
,ter junction. 

The negative voltage transition (to MOS logic "1") will 
be quite linear since the capacitive load will force Q1 
into its linear region until the load is discharged and Q1 
saturates. Turn-off begins when the input current de- 
cays to zero or the output of the TTL driver goes low. 
Q1 turns "OFF" and Q2 turns "ON" charging the load 
to within a VgE of the supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is pri- 
marily a function of the ac load. Cl , the available input 
current and total voltage swing. As shown in Figure AI-2, 



FIGURE AI-2. Rise Time Model for the DS0025 


the input current must charge the Miller capacitance of 
Q1, Cjc* well as supply' sufficient base drive to Q1 
to discharge Cl rapidly. By inspection: 

•in “ Im + + Iri (AI-1 ) 

•in — •m Ib* •^or l[^ >> Iri & Is jRi 
AV 

•b“^in“"Ctc (AI-2) 

At 

If the current through R2 is ignored, 

•c “ Ib hpEQ! ” •l •m (AI-3) 

where: 



Combining equations AM, AI-2, AI-3 yields: 
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AV , 


[Cl + Cjc (hpEQ-j +1)] - hpLQT i,, 


(AI-4) 


voltage rise and optimistic values at the end. Figure 
A/-5 shows tf as function of Cl- 


or 

t - ^^L + (hFEQi + 1 )Ctc3 AV 

hpEQI l|N 

Equation (AI-5) may be used to predict tv as a function 
of Cl and AV. Values for Cjc and hpE 10 pF and 
25 respectively. For example, if a DM7440 with peak 
output current of 50 mA were used to drive a DS0025 
loaded with 1000 pF, rise times of: 

(1000 pF + 250 pF) (17V) 

(50 mA) (20) 


or 21 ns may be expected for V^ = 5.0V, V = —12V, 
Figure AI-3 gives rise time for various values of Cl- 
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FIGURE AI-3. Rise Time vs Cl for the DS0025 
Fall Time Considerations 



FIGURE AI-5. DS0025 Fall Time vs Cl 


Assuming hpE 2 a constant of the total transition: 


or 


AV _ y'V'^-V ^ 

y 2R2 / 

C-j-cQI CL/hpEQI+l 


tf ^ 2R2 


— ) 

hpEQ+l / 


(AI-6) . 


(AI-7) 


DS0025 Input Drive Requirements 

Since the DS0025 is generally capacitively coupled at 
the input, the device is sensitive to current not input 
voltage. The current required by the input is in the 50— 
60 mA region. It is therefore a good idea to drive the 
DS0025 from TTL line drivers, such as the DM7440 or 
DM8830. It is possible to drive the DS0025 from stan- 
dard 54/74 series gates or flip-flops but toN and t^ will 
be somewhat degraded. 


The MOS logic fall time (voltage rise) of the DS0025 is 
dictated by the load. Cl, and the output capacitance of 
Q1. The fall time equivalent circuit of DS0025 may be 
approximated with the circuit of Figure AI-4. In actual 


V*^ Ctcqi = OUTPUT CAPACITANCE OF Q1 



FIGURE AI-4. Fall Time Equivalent Circuit 

practice, the base drive to Q2 drops as the output volt- 
tage rises toward V^. A rounding of the waveform occurs 
as the output voltage reaches to within a volt of V , The 
result is that equation (AI-7) predicts conservative values 
of tf for the output voltage at the beginning of the 


Input Capacitor Selection 

The DS0025 may be operated in either the logically 
controlled mode (pulse width out = pulse width in) 
or C,,^ may be used to set the output pulse width. In 
the latter mode a long pulse is supplied to the DS0025. 



FIGURE AI-6. DS0025 Input Current Waveform 
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The Input current is of the general shape as shown in 
Figure Ai-6. Imax is the peak current delivered by the 
TTL driver into a short circuit (typically 50— 60 mA). 
Q1 will begin to turn-off when 1,^ decays below Vbe/ 
R1 or about 2.5 m A. In general; 


i|N " ilVlAX ® 


The logic "1" output impedance of the DM7440 is 
approximately 65^ and the peak current (I MAx) is 
about 50 mA. The pulse width for Gi^ = 2,200 pF is: 


25 ns + 150 ns 


+ (6512) (2200 pF) In 


RO = Output impedance of the TTL driver 
C|fg = Input coupling capacitor 


Substituting I|n = l^ 


• and solving for t-, yields: 


A plot of pulse width for various types of drivers is 
shosNn m Figure A! -7. For applications in which the 
output pulse width is logically controlled, C,n should 
be chosep 2 to 3 times larger than the maximum pulse 
width dictated by equation (AMO). 


DC Coupled Operation 


The total pulse width must include rise and fall time 
considerations. Therefore, the total expression for 
pulse width becomes: 


The DS0025 may be direct-coupled in applications 
when level shifting to a positive value only. For exam- 
ple, the MM1T03 RAM typically operates between 
ground and +20V. The DS0025 is shown in Figure 
AI-8 driving the addres or precharge line in the logically 
controlled mode. 


If DC operation to a negative level is desired, a level 
translator such as the DS7800 or DS0034 may be 
employed as shown in Figure AI-9. Finally, the level 
shift may be accomplished using PNP transistors are 
shown \n Figure A l~ 70. 


200 600 1000 1400 1800 2200 


I DM7440 I 


I OS0026CN I 


FIGURE AI-7. Output PW Controlled by C|m 


FIGURE AI-8. DC Coupled DS0025 Driving 1103 RAM 
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FIGURE AI-9. DC Coupled Clock Driver Using DS0034 


FIGURE AI-10. Transistor Coupled DS0025 Clock Driver 


11-33 


AN-76 Applying Modern Clock Drivers to MOS Memories 



AN-76 Applying Modern Clock Drivers to MOS Memories 


APPENDIX n 

DS0026 Circuit Operation 

The schematic of the DS0026 is shown in Figure A! 1-1 . 
The device is typically ac coupled on the input and 
responds to input current as does the DS0025. Inter- 
nal current gain allows the device to be driven by stan- 
dard TTL gates and flip-flops. 

With the TTL input in the low state Q1 , Q2, Q5, Q6 and 
Q7 are "OFF" allowing Q3 and Q4 to come "ON." R6 
assures that the output will pull up to within a Vbe of 
volts. When the TTL input starts toward logic "1," 
current is supplied via C|m to the bases of Q1 and Q2 
turning them "ON." Simultaneously, Q3 and 04 are 
snapped "OFF." As the input voltage rises (to about 
1.2V), 05 and 06 turn-on. Multiple emitter transistor 
05 provides additional base drive to 01 and 02 assur- 
ing their complete and rapid turn-on. Since 03 and 
04 were rapidly turned "OFF" minimal power supply 
current spiking will occur when 07 comes "ON." 



FIGURE AIM. DS0025 Schematic (One-Half Circuit) 

06 now provides sufficient base drive to Q7 to turn it 
"ON." The load capacitance is then rapidly discharged 
toward V~. Diode D4 affords a low impedance path to 
06's collector which provides additional drive to the 
load through current gain of 07. Diodes D1 and D2 pre- 
vent avalanching OS's and 04's base-emitter junction as 
the collectors of Q1 and 02 go negative. The output of 
the DS0026 continues negative* stopping about 0.5V 
more positive than V~. 

When the TTL input returns to logic "0," the input 
voltage to the DS0026 goes negative by an amount 
proportional to the charge on C|n. Transistors 08 and 
09 turn-on, pulling stored base charge out of 07 and 02 
assuring their rapid turn-off. With 01, 02, 06 and 07 
"OFF," Darlington connected 03 and 04 turn-on and 
rapidly charge the load to within a Vbe of 


Rise Time Considerations 

Predicting the MOS logic rise time (voltage fall) of the 
DS0026 is considerably Involved, but a reasonable 
approximation may be made by utilizing equation 
(AI-5), which reduces to: 

tr = [Cl + 250x AV (AIM) 

For Cl = 1000 pF, V"^ = 5.0V, V“ = ~12V, t, s 21 ns. 
Figure A//-2 shows DS0026 rise times Vs Cl- 



0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 


FIGURE All-2. Rise Time vs Load Capacitance 
Fall Time Considerations 

The MOS logic fall time of the DS0026 is determined 
primarily by the capacitance Miller capacitance of Q5 
and Q1 and R5. The fall time may be predicted by: 

„^(2.2)(R5)(c3.|^) 

(All-2) 

S (4.4 X 10^) Ics + \ 

\ 

where: 

Cs = Capacitance to ground seen at the base of Q3 

= 2pF 

hpE^ = (hpEQ3 + + 1) 

= 500 

For the values given and Cl = 1000 pF, tf = 17.5 ns. 
Figure A! 1-3 gives tf for various values of Cl- 
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FIGURE All -3. Fall Time vs Load Capacitance 
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DS0026 Input Drive Requirements 

The DS0026 was designed to be driven by standard 
54/74 elements. The device's input characteristics are 
shown in Figure All-4. There is breakpoint at Vin s 
0.6V which corresponds to turn-on of Q1 and Q2. The 
input current then rises with a slope of about 600^2 
(R2 |l R3) until a second breakpoint at approximately 
1.2V is encountered, corresponding to the turn-on of Q5 
and Q6. The slope at this point is about 15012 (R1 II 
R2 1IR3 II R4). 



' 0 0.5 1.0 1.5 2.0 2.5 

INPUT VOLTAGE (V) 

FIGURE All-4. Input Current vs Input Voltage 

The current demanded by the input is in the 5— 10 rriA 
region. A standard 54/74 gate can source currents in 
excess of 20 mA into 1.2V. Obviously, the minimum 
"1" output voltage of 2.5V under these conditions can- 
not be maintained. This means that a 54/74 element 
must be dedicated to driving 1/2 of a DS0026. As far as 
the DS0026 is concerned, the current is the determining 
turn-on mechanism not the voltage output level of the 
54/74 gate. 

Input Capacitor Selection 

A major difference between the DS0025 and DS0026 is 
that the DS0026 requires that the output pulse width 
be logically controlled. In short, the input pulse width = 
output pulse width. Selection of Cj^ boils down to 
choosing a capacitor small enough to assure the capacitor 
takes on nearly full charge, but large enough so that the 
input current does not drop below a minimum level to 
keep the DS0026 "ON." As before: 

ti = ROCin In (All-3) 

•min 



.) 
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FIGURE All-5. Logical "1" Output Voltage 
vs Source Current 


In actual practice it's a good idea to use values of about 
twice those predicted by equation (All-4) in order to 
account for manufacturing tolerances in the gate, DS0026 
and temperature variations. 

A plot of optimum value for C|n vs desired output pulse 
width is shown in /4//-ff. 
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FIGURE All-6. Suggested Input Capacitance 
vs Output Pulse Width 


DC Coupled Applications 

The DS0G26 may be applied in direct coupled applica- 
tions. Figure All-7 shows the device driving address or 
pre-charge lines on an MM 1 103 RAM. 


In this case RO equals the sum of the TTL gate output 
impedance plus the input impedance of the DS0026 
(about 15012). I^^i^ from F/gt/reV\//-5 is about 1 mA. 
A standard 54/74 series gate has a high state output 
impedance of about 15012 in the logic "1" state and an 
output (short circuit) current of about 20 mA into 1.2V. 
For an output pulse width of 500 ns. 



TO ADDRESS 
LINES ON 
MEMORY 
SYSTEM 


(15017 + 15012)ln 


FIGURE All-7. DC Coupled RAM Memory Addresser 
Precharge Driver (Positive Supply Only) 
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For applications requiring a dc level shift, the circuit of 
Figure A! 1-8 or AH~9 are recommended. 



FIGURE All-8. Transistor Coupled MOS Clock Driver 



APPENDIX III 
MOS Interface Circuits 
MOS Clock Drivers 
MH0007 


MH0009 

MH0012 


Direct coupled, single phase, TTL 
compatible clock driver. 

Two phase, direct or ac coupled 
clock driver. 

10 MHz, single phase direct coupled 
clock driver. 


DS1673 

DS1674 

DS75361 

DS75365 


Quad decoded MOS clock driver. 
Quad MOS clock driver. 

Dual TTL-to-MOS driver. 

Quad TTL-to-MOS driver. 


MOS Oscillator/Clock Drivers 


DS7803/DS7807, 

DS7813/DS7817 


Complete two phase clock system 
for MOS microprocessors and cal- 
culators. 


MOS RAM Memory Address and Precharge Drivers 


DS0025 

DS0026 


Dual address and precharge driver. 

Dual high speed address and pre- 
charge driver. 


TTL to MOS Interface 
DH0034 

DS7800 


Dual high speed TTL to negative 
level converter. 


DM7810/DM7812/ 

DM7819 

DM78LT2 


DS1640/DS1670 

DS1645/DS1675 

DS1646/DS1676 

DS1647/DS1677 

DS1648/DS1678 

DS1649/DS1679 

DS16149/DS16179 


Dual TTL to negative level con- 
verter. 

Open collector TTL to positive 
high level MOS converter gates. 

Active pull-up TTL to positive high 
level MOS converter gates. 

Quad MOS TRI-SHARE'^'^ driver. 
Hex TRI-STATE® MOS driver. 

6-bit TRI-STATE MOS driver re- 
fresh counter. 

Quad TRI-STATE MOS driver I/O 
register. 

TRI-STATE MOS driver multi- 
plexer. 

Hex TRI-STATE MOS driver. 

Hex TRI-STATE MOS driver. 


MOS to TTL Converters and Sense Amps 
DS7802, DS7806. 

DS1 65 Series* 


DS163, DS75107, 
DS75207* 


Dual sense amp for MM5262 2k 
MOS RAM memory. 

Hex sense amp MOS to TTL. 

Dual sense amp for MM 1103 Ik 
MOS RAM memory. 


Voltage Regulators for MOS Systems 


MH0013 

DS0025 

DS0026 

DS1671 

DS1672 


Two phase, ac coupled clock driver. 
Low cost, two phase clock driver. 

Low cost, two phase, high speed 
clock driver. 

Dual bootstrapped MOS driver. 
Dual TTL bootstrapped MOS driver. 


LM109, LM140 
Series 

LM120 Series 
LM125 Series* 

*To be announced 


Positive regulators. 

Negative regulators. 
Dual +/— regulators. 
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SAVING ROMs IN HIGH-RESOLUTION 

INTRODUCTION 

Conventionally, the number of bits in a digital 
character generator's read only memory is pro- 
portional to the number of dots in the character 
matrix. That is, the ROM array ordinarily doubles 
and redoubles in size as one scales up the resolu- 
tion or changes from an upper-case to an upper- 
case/lower-case font. 

Fortunately, such progressions may not be re- 
quired. Reorganizing the ROMs to suit the specific 
application often save thousands of bits and 
allows the designer to use smaller, faster, more 
economical monolithic ROMs. As a simple example, 
expanding the array in 32-character subsets rather 
than the more conventional 64-character subsets 
will enhance performance and save up to 25% of 
ROM capacity in typical UC/LC applications. 

Savings much greater than 25% are possible when 
the matrix size reaches a point where several 
monolithic ROMs are needed to store the font. 
We have found a two-stage, column-generation 
approach called "intermediate coding" to be much 
more efficient than straightforward dot-matrix 
generation. It exploits the fact that column 
patterns tend to become highly redundant as the 
matrix size increases. 


DOT-MATRIX DISPLAYS AND PRINTERS 


One version of this new technique automatically 
proportions character widths as in letterpress 
printing. This gives each character a more natural 
shape and eliminates the irregular spacings usually 
seen around "I" and other narrow characters. Yet 
the control logic is simple and the ROM savings 
approach 40% at typical font sizes. 

Such advantages are available immediately, without 
development of special ROMs. The designs can 
be implemented with standard MOS or bipolar 
ROMs currently in production. In fact, inter- 
mediate coding broadens the cost/performance 
options by allowing a combination of MOS and 
bipolar ROMs to be used. 

DOT-CHARACTER FONTS 

Dot-character styles ranging in complexity from 
5 X 7 to 12 X 24 or more dots per character have 
been developed to meet the human-engineering 
standard of various industries using digital displays 
and printers. The more popular sizes are listed in 
Table I. 

The 5x7 fonts, such as Figure 1, lead in applica- 
tions volume due to their use in low-cost data 


TABLE t. Typical Dot-Matrix Character Fonts 


SIZE AND 
SCANNING 

DOTS PER 
CHARACTER 

THEORETICAL 
CHARACTER ROM 

DESIGN 

EFFECTIVENESS 

PRACTICAL 

DESIGNS 

5x7 

Horizontal 

35 

64 X 7 X 5 = 2 - 1/2k 

1 .00 

Fig. 3 

7x5 

Vertical 

35 

64 X 5 X 7 ^ 2,560 

1 .00 

Fig. 3 

7x9 

Horizontal 

63 

64 X 9 X 7 = 4,032 

0.67 

Fig.6 

9x7 

Vertical 

63 

64 X 7 X 9 = 4,032 

1.00 

Figs. 5 & 8 

7x12&8x12 

Horizontal 

96 

64x 12 X 8 = 6,1 44 and 

1.00 

Figs. 6 & 7 

12x7&12x8 

64 Character Vertical 

96 

96 X 12 X 8 = 8,216 
64x8x12 = 6,144 

1.00 

1.00 

Fig. 8C 

96 Character Vertical 

96 

96x 8 X 12 = 9,216 

1.00 

Fig.SB 

12 X 16 

64 Character Horizontal 

192 

64 X 16 X 12= 12,288 

1 .50 for Fig. 9 A 

Fig. 9A 

96 Character Horizontal 

192 

96 X 16 X 12= 18,432 

1.50 Fig. 9 

Fig. 9B 

16x12 

64 Character Vertical 

192 

64 X 1 2 X 1 6 = 1 2,288 

1.50 for Fig. 9A 

Figs. 6, 7, & 9 

96 Character Vertical 

192 

96 X 12 X 16 = 18,432 

1.50 for Fig. 9B 


24x12 

64 Character Vertical 

288 

64 X 12 X 24 = 18,432 

2.00 for Fig. 9B 

Figs. 6,7, & 9 

64 X 13 X 10 to 64 X 13 X 16 
64 Character Variable 
Font Width 

208 

64 X 13x16= 13,312 

3.06 for Fig. 10 

Fig. 10 
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interface terminals (although some terminal manu- 
facturers are going to larger sizes in response to 
complaints that 5x7 presentations cause eye- 
strain). In other applications, a standard is often 
set by older printing techniques. To cite a few 
examples: business-machine users are accustomed 
to typewriting; advertisers want characters with 
"sales appeal" on their billboard displays; score- 
boards and traffic-control signs must be read 
easily at a distance; and electronic printing systems 
may have to simulate several metal type fonts. 

The matrix size is frequently enlarged to improve 
lower-case character definition in UC/LC applica- 
tions. A 5 X 7 font typically grows to 7 x 9 for UC 
and 7 x12 for LC, as in Figure 2. Likewise, 7x9 
is expanded to 8 x 12 and 12 x 16 to 12 x 24 for 
lower-cases. 


Upper-Case Font 


* ***** * * • • • 

13 14 15 16 

0O1 Oil 001 too 001 101 001 110 


***** ***** ***** ***** ***** 
* ******** ** * 


***** * *** *** * *** * * *** 

: : : I : ::::::: 


100 001 100 010 100 oil 100 100 100 101 


* * * * *** 

55 56 57 

101101 101 110 101111 


* * **** ** ** * * * * 

61 62 63 64 65 66 67 

110 001 110 010 110 011 110 100 110 101 110 110 110 111 


FIGURE 2. UC/LC Characters at 5 x 7 and 7 x 12 
Matrix Sizes 


At 5 X 7, it is rnost economical, as a rule, to pro- 
gram a "full set" of 128 UC/LC characters in 
standard character-generator ROMs. The full set 
in Figure 1 is stored in two 64-character MOS 
ROMs. This provides a mass-production base and 
equalizes access times. If the 32 special symbols 
generated with the ASCII control codes are not 
usable, they are simply blanked by disenabling 
the lower-case ROM when the seventh ASCII bit 
is "0." But if the font is scaled up to simulate 
typewriting, for example, this practice becomes 
wasteful since 96 characters would suffice. 

Another complication is that many specialized font 
sizes, such as 11 x 9, do not fit neatly into standard 
ROMs made in building block sizes. In other- 
words, one cannot store the font in a minimum- 
sized ROM array without paying the extra costs 
of custom ROM development or specialized low- 
volumn ROMs. 

CHARACTER-GENERATOR ROMs 

Consequently, character-generator ROMs have been 
developed that adapt to a variety of font sizes. 
They may not exactly fit the theoretical matrix 
array at odd sizes, but that is easily offset by 
the economy of parts standardization. 


*** ***** * * * * * 

71 72 73 74 75 76 77 

111 001 111 010 111 011 111 100 111 101 111 110 111 111 

(B) Lower-Case Font 

; 1. ASCII Full Set Font of 128 5 x 7 Characters 


Two such MOS ROMs are outlined in Figure 3 
with their addressing for 5x7 horizontal scanning 
and 7x5 vertical scanning. The vertical-scan sub- 
system in Figure 4 shows the amount of support 
logic typically required in a display. 




• * 0 
• ••• 0 



(A) 5x7 Horizontal-Scan, 64-Characters 


(B) 7x5 VerticalScan, 64-Characters 


FIGURE 3. Miyi5240 and MM5241 Standard Character-Generator ROMs 



FIGURE 4. Typical 7 x 5 Verti<;alScan Display Generator Subsystem 


The MM5240 expands straightforwardly in 64- 
character increments to larger fonts, such as the 
9 X 7 or 10x8 arrays in Figure 5A. An expansion 
such as Figure 5B would be used to provide a full 
set UC/LC font. These expansions keep the 
character rate the same as at 5 x 7, whereas 
doubling the size of each monolithic ROM would 
not. 

32-CHARACTER BLOCKS 

A similar expansion of the MM524T, as in Figure 
6A, would provide 7 x 9 to 8 x 12 horizontal-scan 
fonts. However, the direct 64-character expansion 
places a ROM-enabling operation in the middle of 
the character. Such operations are common in 
large-fpnt generator designs. 

A simple solution to this problem is to "steal" 
a character-address input, use it as a row-address 
input, and then use a chip-enable input as a 
character input (Figure 6B). This provides a 32- 
character or 64-character block enabled during the 
between-characters spacing interval. A 32-character 
block would be the only ROM required in a 
system using only numbers and symbols. 


However, the chief attraction of this conversion is 
in UC/LC applications. Figure 7 shows how to 
use three ROMs to generate 96 7 x 9 to 8 x 12 
horizontal-scan characters— a 25% savings compared 
with a "full set" expansion. The chip-enable inputs 
are programmed to sense the sixth and seventh 
character-address bits. External decoders aren't 
needed. 

If each ROM in Figure 7 is rjeplaced with a parallel 
assembly of three ROMs (24 outputs), the result 
is a 24 X 1 2, 96-character vertical-scan generator 
with the same character rate as at 8 x 12. In other 
words, the 32-character approach maintains the 
benefits of parts standardization and performance 
up to a very high resolution. 

Other ROMs can be used in this fashion. In Figure 
8, the MM5227 TRI-STATE® and MM5288 256 x 
12 ROMs are shown in expansions that comple- 
ment those of the MM5241. These ROMs provide 
access times well under a microsecond. For rates 
in the nanosecond range, general-purpose bipolar 
ROMs with four or eight outputs, such as the 
DM8597 256 x 4 and DM8596 512 x 8 can be 
worked into similar organizations. 
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= D (CAPITAL LETTERS) 

^ 0 (NUMBERS. SYMBOLS) 

- 1 (LOWERCASE LETTERS) 


FIGURE 7. Using 32-Character Expansions for 7 x 12 or 8 x 12, 96-Character Generator 




(A) Basic ROM 







(C) 12 X 16 Horizontal-Scan, 64-Characters 


(B) 9 X 7 to 12x8 Vertical -Scan, 96-Characters 


FIGURE 8. Addressing General-Purpose ROMs as Character Generators 
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INTERMEDIATE CODING 

Designs proportioned to the matrix size are not Theoretically, they could all have been unique, 

the most efficient at the larger font sizes. It pays since there is a possible pattern variation ranging 

to analyze the actual character patterns to deter- from 128 to 65,536 (2^ to 2''®). UC/LC and 

mine whether other organizations can be used. horizontal-scan fonts are more variable than upper- 

case vertical-scan fonts, but they are still far from 
For example, the full-dot columns in such vertical- worst-case, 

scan characters as b, B, d, D, H, T, etc., are 

usually identical. An upper-case font typically This analysis led to the organization in Figure 9A. 

contains only 60 unique column patterns at 7 x 5, Instead of doubling the 64 x 12 x 8 organization to 

110 at 9 X 7, 120 at 1 1 X 9, and 122 at 16 x 12. produce fonts up to 16 x 12, it adds only a 2k 



(A) 12 X 16 Vertical Scan (UC) 



(B) 16 X 12, 96-Character Generator (UC/LC) 

FIGURE 9. Intermediate Coding Designs (MOS ROM Organizations) 
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ROM. Up to 128 unique column patterns are 
stored in 8-bit; half-column segments In the 
MM5231 256 x 8 ROM. These are accessed with 
7-bit intermediate codes selected with the input 
array and a half-column clock at a submultiple 
of the dot rate. The intermediate codes necessary to 
forrn each character are simply listed in character- 
generator fashion in the input code converters. 
At 16 X 12, the savings for an upper case font are 
12k-8kor4kilObits-33%. 

' r 

Since the 8-bit outputs of the MM5241 ROMs 
actually allow 128 unique columns to be selected, 
the savings could grow rapidly through several 
expansion levels even without further rearranging. 
If more than 128 unique column codes are re- 
quired the second ROM in the storing can be 
changed to possibly a 512 x 8 ROM (MM5232) 
therefore giving 256 unique columns which can 
be generated for the larger fonts and character 
group sets (96 characters or 128 characters). 

Assume a 16 x 12, 96-character requirement. 
MM5241 ROMs added as in Figure 9B would 
provide 192 unique column patterns and the 
savings would be at least 18k - 12k = 6k. 

It might be necessary at the 24 x 12 UC/LC size 
to use two MM5227 256 x 12 ROMs in parallel, 
but this would still save 27k - 15k = 12k (or 
perhaps 36k — 18k in a 128-character application, 
using four input and two output ROMs). The 
efficiency grows with font size because the column 
patterns become more redundant. 

At first glance, the organization appears to double 
the access time because there are two stages to be 
accessed in sequence. But since there is no feed- 
back, the stages can operate in a ripple mode. 
Thus, an 8-bit bipolar register can be inserted 
between the stages to temporarily store each 
intermediate code. This restores the overall access 
time to that of the slowest ROM in the series 
(e.g., less than a microsecond for MOS ROMs) and 
the character rate is essentially the same as that 
achieved with conventional ROM techniques. 

Alternatively, the output ROM, input ROM, or 
both may be bipolar to increase the rate. The 
DM8596 512 x 8 ROM fits most large-font 
geometries quite well and costs less than sub- 
assemblies of Ik bipolar ROMs. Again, an inter- 
mediate register will maximize the rate. 

REPEAT-PATTERN CODING 

Some character styles have bold "double dot” or 
similar patterns that result in a high probability 
of the same column pattern repeating sequentially 
in the same character. This characteristic is common 
in "ticker tape" systems, large-panel and billboard 
displays, news bulletins broadcast to appear as a 
running line across a television picture, and so 
forth. Typical fonts exhibit less than 256 actual 
changes of column patterns through a 64-character 
sequence, not the worst-case of 320 at 7x5, 640 
at 10x8, and so forth. Therefore, an organization 


that holds the column output static until it has 
to change would be highly efficient. 

Figure 10 is a practical design for upper-case 
fonts with 10 x 10 to 13 x 10 matrices. It saves 
nearly 40% of ROM capacity. Moreover, the 
matrix width varies with the character shape as 
can be seen in the example word LIMB. The 
characters look more natural and are evenly 
spaced. Column height is changed by programming 
the outputs to be used. 

Proportional spacing makes this organization an 
excellent choice for ink-dot spray printers and 
other "line of type" printing applications, as well 
as vertical-scan displays. 

This technique does not lend itself directly to 
raster-scan displays since characters are scanned 
sequentially on one raster line at a time rather 
than completing a character before starting a new 
character. To use this technique on raster-scan an 
Intermediate storage memory Would be necessary 
for as a line memories. 

PROGRAMMING AND OPERATION 

Assume a nominal matrix size of 13 x 10. This 
takes a 256 x 16 ROM array. Each 16-bit output 
word contains a 13-dot column pattern, a 2-bit 
repeat code and, in the last word of a character, 
an EOC bit (end of character "1" bit). Address 
location 0000 0000 is reserved for an ail-zero 
spacing column. 

The first address of each character is listed in the 
small input ROM at locations where they will be 
accessed by the standard code. The intermediate 
code will then be the starting address and the next 
column-select codes for each character will be 
generated sequentially by the logic. 

Suppose characters @ through K occupy locations 
0000 0001 through 0010 1111 in the main ROM. 
Then, L's three words occupy locations 001 1 0000 
through 0011 0010, M starts at 001 1 001 1 , and so 
forth. L takes three words at the 13 x 10 size 
since the 2-dot bar pattern can be repeated only 
four times with a 2-bit repeat code. If the columns 
were programmed 12 or less dots high, a 3-bit 
repeat code could be used. L would be generated 
with two words and single-pattern characters like 
"dash" with one word. This solution uses only 
2x16 bits of storage fbr the character L and 
compared with its present technique of 10x12 = 
120 bits. 

Now, let's generate LIMB. First, the standard code 
for L (e.g. 001 100) is converted to 0011 0000, 
which sets the address counter. The address counter 
access that word in the main ROM, and the repeat 
code in the output sets the master counter to 
time out in two column scanning intervals. 

L's first two columns are thus formed. At the 
master counter's terminal state, the address counter 
advances to 0011 0001, the master counter is reset 
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to time out in four column intervals, the address 
counter advances again, and word 0011 0010 is 
accessed during four intervals. 

This last word includes an EOC bit. When EOC 
and the time-out state of the master counter 
coincide, gate 1 clears the address counter. Now 
address 0000 0000 generates the space pattern in 
two spacing columns. When the master counter 
reaches its second state, gate 2 enables the address 
counter's parallel preset inputs. Finally, the input 
ROM sets the counter to the starting address for 
I and the process continues through I, M and B. 


Proportional spacing is inherent. So is high-speed 
since the input ROM is a small bipolar array. The 
main ROM can be either MOS or bipolar general- 
purpose ROMs. This organization should also 
expand efficiently since the repeat probability 
tends to rise with matrix width. 

In printing applications involving more complex 
characters, the operational advantages might be of 
more interest than ROM savings. For example, two 
64 X 6 X 8 or 512 X 8 ROMs might be used as an 
UC/LC generator with the ninth address input a 
direct shift control. 


SPACE CODE 

COUNTER OUTPUT 
(4 LSB) 


COLUMNS 
REPEAT CODE 
(13 X TO) 
EOC CODE 



(Repeat Pattern Character Quality and Coding Example) 



FIGURE 10. Repeat-Pattern Vertical-Scan Generator 
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A SIMPLE POWER SAVING TECHNIQUE FOR THE MM5262 2k RAM 


INTRODUCTION 

The MM5262 is a state of the art RAM designed 
to operate efficiently in modern bus organized 
systems. Most bused systems present the address 
information to the data bus only during the early 
portion of the machine cycle and then transfer 
data during the remainder of the cycle. The 
MM5262, unlike many other RAMs, does not need 
a memory address register to hold the address 
stable on its inputs during the complete cycle 
because the address is clocked into the MM5262 
on-chip address register by Phase 1. The address 
and chip select signals need only be applied during 
Phase 1 and the Phase 1 to Phase 2 gap. 

SAVING POWER 

Because of the very low power dissipation of 
the MM5262 when the clocks are turned off 
« 2.0 mW), a method for decoding the clocks 
of unselected chips in the memory array 
would result in a sizable decrease in power con- 
sumption. A problem arises because to deselect 
a chip, a Phase 1 pulse must be applied to clock 
the disable signal into the chip. There would 
be little advantage in allowing Phase 1 to free 
run and decoding only Phase 2 and Phase 3 
because approximately 75% of the power dissi- 
pation is associated with Phase T. The best 
solution is a decoding arrangement where the 
disabling of Phase 1 is delayed by one cycle 


and the enabling of Phase 1 is not delayed. The 
chip will receive one extra Phase 1 pulse to 
disable It and will no longer draw power until 
it is again enabled. The power then becomes 
worst case when alternately accessing two chips. 
Both chips will draw power continuously while 
all other deselected chips draw 0.1 mA each. 
Table I shows expected power supply currents 
for various size memories per bit of word width: 
column II — average power supply current with 
only one chip selected; column III — average 
power supply current under worst case conditions 
of alternately selecting two chips; and column V — 
worst case average current including refresh (assum- 
ing a 635 ns cycle time). The peak current during 
refresh, assuming all chips are refreshed at the 
same time, is equal to the total number of chips 
multiplied by 20 mA maximum per chip. During 
an interval of 2.0 ms, the memory will cycle 
almost 3,000 times, of which only 32 cycles 
must be devoted to refresh; therefore, the average 
refresh power will be one percent of the peak 
power or 0.2 mA per chip. Comparable savings 
in clock driver power dissipation are also realized. 

Using the data from Table I for a common 
application, such as an 8k-by-16 memory for a 
minicomputer, the power is cut to half that 
required without decoding. |n a large memory, 
such as 64k words, the power is cut by a factor 


TABLE I. 


NUMBER 
OF WORDS 

CHIPS 
PERBIT 
OF WORD 
WIDTH 

MAXIMUM POWER SUPPLY CURRENT (mA)/PER BIT OF WORD WIDTH | 

NO 

CLOCK 

DECODING 

11 

CLOCK 
DECODING 
ONE CHIP 
SELECTED 

III 

CLOCK 
DECQDING 
TWO CHIPS 
ALTERNATELY 
SELECTED 

IV 

ADDITIONAL 

AVERAGE 

REFRESH 

CURRENT 

V 

NS 

TOTAL 

WORST 

CASE 

6003 
(4 mA 
STANDBY 
CURRENT) 

2,048 

1.0 

20 




20 

10 

4,096 

2.0 

40 

20.1 

40 

0 

40 

20 

8,192 

4.0 

80 

20.3 

40.2 

0.4 

40.6 

28.2 

16,384 

8.0 

160 

20.7 

40.6 

1.2 

41.8 

44.6 

32.768 

16 

320 

21.5 

41.4 

2.8 

44.2 

77.4 

65,536 

32 

640 

23.1 

43 

6.0 

49 

143 

131,072 

64 

1,280 

26.3 

46.2 

12.4 

58.6 

274 


N = Number of words in 2048 increments N > 4096 
B “ Number of bits/words 
tcYCLE ® Memory cyc]e time 


Idd (AVG)max 



/ N. 

o V on + 1 o 

\ / N 

1 V n 1 -1- 1 - 0 

\ 32 tcYCLE ^ 

Z X Z\J T- 1 ' " — z 

\2048 

1 A U, 1 T- 1 ' z 

1 \2048 

/ 2 ms ^ 




Y 



III 


IV 
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of 13. Figure 1 shows a plot of memory current 
as a function of memory size with a comparison 
of the nearest equivalent 2k RAM. 

300 

d 

|g 200 

it 

kk 100 


0 

2k 4k 8k 16k 32k 64k 128k 
MEMORY SIZE (WORDS) 

FIGURE 1. IVIemory Size vs 2k RAM Power 
Supply Current 

A memory system configured as 8k words by 
16-bits per word, for example, would draw 80 
mA times 16-bits (1.28 Amps) if undecoded. 
If the same memory is decoded, the current 
drops to 40.6 mA times 16-bits (650 mA) which 
is half the current of the undecoded memory. 
In a large system, such as 64k words by 32-bits 
per word the savings is even greater. Undecoded 
the supply current is 640 mA times 32-bits 
(20.5 Amps) while the same memory when the 
clocks are decoded draws 49 mA times 32-bits 
(1.6 Amps). The power for the decoded memory 
then is one-thirteenth of that required for the 
undecoded memory. 

LOGIC IMPLEMENTATION 

Figure 2 shows the logic required to implement 
the power saving technique, Figure 3 is a timing 
diagram for the logic, and Figure 4 is a block 
diagram of an 8k word by 16-bit/word module. 



In operation the clock decoder in Figure 2 will 
supply clock pulses during any cycle in which 
the chip is selected (Figure 3 — cycle 1 and 
cycle 6) or when the memory is being refreshed 
(Figure 3 — cycle 4) and will supply an extra 
Phase 1 pulse on the first cycle after deselecting 
the chip (Figure 3 — cycle 2). During all remain- 
irig cycles the chip is deselected and no dock 
pulses are supplied to the chips. 




0M7402 

MH0026 



H >X>— PHASU 

DM74D2 

MHDP26 


r 



1 — 

DM7402 

MH002E 


DM7474 

CS 

CLK 

CIR 

1 

^ ~0M7411 


FIGURE 2. MM5262 Clock Decoding Logic 


There are three practical considerations to be 
aware of when using this circuit. First is that, 
although the power supplies need only be large 
enough to supply the average current to the 
memory and its clock drivers, the capacitance 
bypassing the power supplies should be large 
enough to supply the peak current during refresh 
without excessive power supply droop. The second 
consideration is that if T1 goes to the low state 
prior to CS or REFRESH going low, the leading 
edge of Phase 1 will be delayed according to the 
delay in chip select and T1 pulse width may 
have to be increased to ensure that the minimum 
Phase 1 pulse width is su pplied to the chip. The 
third is that if REFRESH goes high after T1 goes 
low a glit ch will be produced on Phase 1. If 
REFRESH is connected to the clear input of 
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It is perhaps of more interest to examine an 
actual system to determine the effects of clock 
decoding. As an example a complete 8k-by- 16-bit 
memory has been designed and is shown in 
Figure 4. This system is not optimized but will 
serve as a good comparative example. Table II 
shows power consumption for operating and 
standby modes with clock decoding and Table III 
gives power consumption without clock decoding. 
A comparison between these tables shows a 
42% decrease in power consumption by employ- 
ing clock decoding. Table IV shows various mem- 
ories mechanized using the basic 8k-by-T6 module. 
Power consumption is given with and without 
clock decoding for cycle times of 635 ns and 
1,000 ns. It is clear from these tables that as 
memory size increases clock decoding becomes 
essential. Saying this another way, the ratio of 
a memory components operating power to standby 
power is an important parameter for the designer. 


TABLE II. Power Consumption of 8k x 16 Module (With tcyCLE ~ ^”4 Clock Decoding) 



Ice (mA) @ 5.25V 

loD (mA) @ -16V 

Ibb (mA)@ 8.75V 

OPERATING 

STANDBY 

operating 

STANDBY 

OPERATING 

STANDBY 

TTL 

1,180 

1,180 

0 

0 

0 

0 

MH0026 

124 

1.2 

111 

1| 

0 

0 

MM5262 

699 

12.8 

650 

19.2 

8.0 

6.5 

Total Current 

2,003 

1,194 

761 

20.3 

8.0 

6.5 

Total Power (Watts) 

10.5 

6.3 

12.2 

0.33 

0.07 

0.057 


Total Operating Power = 10.5 + 12.2 + 0.07 = 22.8 Watts 
Total Standby Power = 6.3 + 0.33 + 0.057 = 6.7 Watts 


TABLE III. Power Consumption of 8k x 16 Module (With t^yCLE ~ Clock Decoding) 



Ice (mA) @ 5.25V 

loD (mA) @-16V 

Ibb (mA) @ 8.75V 

OPERATING 


OPERATING 

TTL 

1,180 

0 

0 

MH0026 

241 

231 

0 

MM 52 62 

1,333 

1,290 

9.6 

Total Current 

2,754 

1,521 

9.6 

Total Power (Watts) 

14.4 

24.4 

0.875 


Total Operating Power = 14.4 + 24.4 + 0.875 = 39.3 Watts 


TABLE IV. Power Consumption of Larger Memory Systems Using Multiple 8k x 16 Modules 


MEMORY 

SIZE 

NUMBER 
OF CARDS 

TOTAL POWER (Watts) tcvcLE = 635 ns 

TOTAL POWER (Watts) tcvCLE = 1.000 ns 

CLOCK DECODING 

NO CLOCK DECODING 

CLOCK DECODING 

NO CLOCK DECODING 

8k X 16 

1 

22.8 

39.3 

16.9 

25.8 

8k X 32 

2 

45.6 

78.6 

33.8 

51.6 

16k X 16 

2 

29.5 

78.6 

23.5 

51.6 


4 

59 

157.2 

47 

103.2 

32k X 16 

4 

42.9 

157.2 

36.7 

103.2 


8 

85.8 

314.4 

73.4 

206.4 


the DM7474, as shown by the dotted line in 
Figure 2, the glitch will be extended into a full 
Phase 1 pulse. 

The extra Phase 1 pulse after a refresh cycle 
will not cause any problems but it will change 
the value of the refresh current. If refresh is 
implemented by doing one refresh cycle every 
62.4p$, the refresh power will be doubled over 
what it would be if 32 refresh cycles are done 
consecutively every 2.0 ms. This is due to the 
fact that with 32 consecutive refresh cycles the 
memory receives 33 Phase 1 clocks and with a 
refresh cycle every 62.4ius the memory receives 
64 Phase 1 clocks. 

One advantage of connecting REF RESH to t he 
clear input of the DM7474 is that REFRESH is 
no longer required to be applied for the entire 
cycle and may return to a one after the positive 
edge of T1. 
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FIGURE 4. 8k X 16 Memory Module 
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HOW TO DESIGN WITH PROGRAMMABLE LOGIC ARRAYS 


INTRODUCTION 

A new and exciting IC device, the PLA (Program- 
mable Logic Array), is heralding a new era of 
circuit compression comparable to the Introduction 
of medium scale Integration devices in the days 
when gates and flops were the only digital building 
blocks available. 

As the name suggests, a PLA is an array of logic- 
elements such that a given Input function produces 
a known output function. In this sense, the device 
could be as simple as a gate or as complex as a 
Read Only Memory (ROM). Applications range 
from the slowest and smallest systems, such as 
traffic light controllers, to fast, high performance 
and complex large digital processors. In the follow- 
ing sections, the PLA will be described and its 
advantages over alternate logic forms demonstrated. 

WHAT IS A PLA? 

Since there is a difference between a Programmable 
Logic Array (PLA) and a rectangularly structured 
Read Only Memory (ROM), the PLA should be 
described. Even though any input code can be 
decoded to any output code in the PLA, not all 
possible iriput combinations are possible within 
the same package. The numbers of inputs to a PLA 
are much more than would be available with ROMs 
(Figure 1). In the case of the DM8575/DM8576 
there are 14 inputs and 8 outputs. This would 
relate to ROM with 2^4 qr 16,384 words. This 
PLA (DM8575/DM8576) has 96 equivalent words. 
These terms are called partial product terms. Each 
product term can be described as a logical AND 
function which relates to a protion of the total 
output terminal solution. Each product term can 
be programmed to any complexity up to the input 
limit of the PLA. The DM8575/DM8576 PLA may 
have 14 variables in its product term or it may 
only have one input which establishes the product 
term. The PLA logically can be described as a 
collection of "ANDs" which may be “ORed" at 
any of its outputs. Figure 2 shows the logical data 
flow from the 14 address input terminals through 
the "AND" gate to the "OR" gate and to the 
output terminal. 


The large variation in the partial product terms 
possibilities of the 14 input variables are shown 
below: 

T*i = h Is I7 ho *14 
1^2 ~ I4 I5 I7 I12 ha Ii 4 


^96 “ h I2 I3 hs h 



(A) se PRODUCT TERM 14 INPUT PI A 
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FIGURE 2, 


It is possible to combine or collect by mask option 
any of the product terms for any of the several 
outputs to establish the output code combinations 
desired. Logically any or all of the partial product 
terms (AND terms) can be combined (ORed) at 
each output. , 

The equations for the output group have the 
following form: 

01 = Pi + Pi 6 = P20 + P42 + • • ■ P92 

02 = Pe + P16 + Pi7 + P42 + • ■ • P52 

03 = Pi P20 + P36 + • ■ ■ P96 

Each of the partial product terms labeled Pi 
through P90 are shown as they appear at each 
output. Note that the same product term may be 
used in as many, output equation groups as required. 
It can be seen that Pi, the first product term, is 
used in both outputs one and three and P16 and 
P42 are used in outputs one and two. 

A PLA need not have more than one output but it 
is generally more efficient to build the PLA or 
ROM with more than one output. The PLA in this 
discussion has eight output terminals which reflect 
the silicon efficiencies of today's technology. This 
product has the ability to be masked with outputs 
in either a positive true state or a negative true 
state. (Figure 2) These capabilities enhance the 
elements value when applied to the system solution 
since the inverter at the output terminal is not 
required. 

To use this memory storage device, the memory 
storage equations must be written or tabulated so 
they can be stored within the mask programmed 
element. A large number of possible choices exist 
when the equations or product terms are collected 


at the outputs. The system designer must test the 
possible choices to be used within the PLA. He 
should combine all mutual terms within the same 
package. Commonly grouped product term a‘dds to 
the efficiency of the PLA or PLA array as indi- 
cated in the previously mentioned equations. 

WHY A PLA? 

The application of the PLA in a digital solution is 
a natural evolution in system design. Several years 
ago digital systems were designed with gates and 
dual D memory elements. The system at that time, 
was conceived and implemented in its best possible 
way. A later development in system design utilized 
ROM's to provide the complex decoding for the 
control necessary to satisfy the same system 
design objective. Now we are in a new era. The 
design of the same system control function can be 
achieved by utilizing the desirable characteristics 
of the PLA (Programmable Logic Array). The 
reason for this evolution of design is based upon 
one or more of three possibilities. First, the new 
design will yield a higher performance solution. 
This generally relates to an improvement in system 
dynamic performance because fewer levels of logic 
are required to provide the same control function. 
Second, the design will result in a lower parts cost. 
This is due to the more efficient use of the memory 
array as compared with the normal rectangular 
array ROM. The third possible advantage comes 
from the reduction in system manufacturing cost 
brought about because of the reduction in com- 
ponent assembly cost, the reduction in printed 
circuit board cost or possibly connector cost within 
the system. Each time a system's physical size can 
be reduced by the use of more complex elements 
such as a PLA (Programmable Logic Array) the 
cost of that system decreases also because fewer 
cards and connectors are required. 
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THE PLA AS A CODE CONVERTER 

Being a device, which from its input terminals pro- 
duces outputs in accordance with a predefined set 
of rules, a PLA can be viewed as a memory storage 
device (i.e., a limited capability ROM). Hence, if all 
the partial product terms for a particular code 
conversion can be limited to the 96 available, then 
the PLA could be used in this application. 

Recall that a product term consists of a combina- 
tion of input variables which can represent a 
characters code, then the code conversion is 
possible for a 96 character set. Take the case of 
12-line Hollerith to 8-line ASCII conversion as an 
example. Theoretically, l2-line input represents 
the possibility of 4k vyords. Actually, seven of the 
12 Hollerith lines are not binary coded lines, they 
are ordinary decimally coded lines. So that a ROM 
structure with 12 input lines are not used, these 
seven lines must first be encoded to 3 binary 
lines using additional logic elements prior to being 
presented into a common 8-input ROM (Figure 3A). 
In addition, the 12-input ROM would have to 
decode all the non-existent input possibilities 
into don't care (or error) output states. 

The PLA solves this problem efficiently. All 12 
inputs are presented to the PLA. Since selective 
decoding is a feature of the PLA no provision need 
be made for pre-encoding of the inputs (Figure 3B). 


An invalid input is designed to produce an all-high 
output state by virtue of the fact that it is not 
a recognizable product term. 

THE PLA AS A DECODE ELEMENT 
IN A DIGITAL PROCESSOR 

Why does it naturally follovv that the PLA lends 
itself to the control function of a digital processor 
or other simularly organized system? Many pro- 
cessor oriented systems have control instruction 
codes which are much wider (a large number of 
inputs bits) than that which can be easily satisfied 
with ROM's. 



ss = +12.0V m. Vdd = G«0, Vcc = -U.OV HK 
W HtHerilk data (liiMi 1 thioujh t2) is considernl 
Im from noritiaNY apcn saaitchn returitail. in tha cam of a 
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These types of applications have nine to eleven 
logical control code inputs. The timing code is also 
significant since the input instruction code must be 
logically "ANDed" with timing to form the output 
control signals. This results in a total input control 
group of eleven to thirteen bits to effect output 
control. Standard ROK/I's can be used to solve the 
the design problem. They have been used in the 
past but at the expense of system in component 
expense and generally in dynamic performance. 
If a complete input to output decode is solved, the 
cost of the complete ROM array is quite expensive. 
Two levels of logic are required to decode the 
proper ROM element group and enable the input 
data word to propagate to the output terminals 
(Figure 4). The technique is generally quite expen- 
sive since the quantity of ROM elements can be 
large. 


In actual system use, not all combinations of codes 
of Instruction data and timing data are used there- 
fore, it is possible at times to use data compression 
techniques to reduce the number of ROM's neces- 
sary to store the output data. The technique 
normally used is to multiplex the required codes 
into the ROM elements as required by timing Or a 
particular section of the Input code group. 


An example of such a multiplexer data decoder 
solution using ROM's Is shown in Figure 5. Note 
that this solution technique uses two levels of 
multiplexers (DM74153's) to route the proper 
data to the ROM group. The use of these multi- 
plexers significantly reduces the number of ROM's 
required but adds to the delay time to achieve the 
proper output levels. This technique also requires 
many engineering hours to first achieve a solution 
and even more to effect a change. 


All five multiplexers and a ROM element are used 
to precode the inputs V of A PDP-8 system con- 
trol ROM set. 


A PLA solution would simply involve generating 
the logic equations for the outputs. Isolating the 
common product terms, and implementing it in a 
masked PLA. Figure 6 illustrated how a PLA solu- 
tion might look for the same 20-bit output word 
structure. The advantages of this approach are 
obvious. 

First, the PLA design yields a higher performance 
solution. System dynamic performance will improve 
due to the reduction of signal paths interconnec- 
tions and signal skewing. Secondly, a ROM solution 
is inefficient, requiring more silicon than is nec- 
essary to do the job and hence higher cost. Lastly, 
a reduction is effected in manufacturing costs due 
to the reduction in component assembly cost, 
P.C. Board cost, and interconnection cost. 

TF^E PLA AS A SEQUENTIAL CONTROLLER 

Another system application of the PLA is in 
sequential controllers. A sequential controller us- 
ually requires that a random set of input variables 
occur simultaneously to satisfy the condition of a 
particular state. This condition then allows advanc- 
ing to the next controller state of the sequencer. 
An illustration of the use of the PLA in a sequencer 
application is that of a traffic controller. Referring 
to Figure 7, it is assumed that traffic can flow at 
high rates in any of four directions. It is also 
assumed that each direction has a left turn internal 
and that there is also provision for manual inputs 
to the system. It is also required to modify the 
timing interval depending upon the detected flow 
rate in any direction. The PLA is used as the 
controller for this adaptive sequence timer. 

It would be possible to start the sequence within 
any of its possible status. While in each state, the 
other possible states are scanned to determine if 
the present state should be shortened or made 
longer in the example case, states B, C and D are 
checked as to the traffic status while the sequencer 
is in state A. 



FIGURE 4. 
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Note that the state diagram Figure 8 shows that 
the maximum time interval X is checked to be 
greater than the present value of the A elapsed 
time counter. If this is true, the state counter 
indexes to the next machine state (state B). The 
output data transmitted to the holding memory 
(DMSBBTs in Figure 7) will be changed with every 
state step in the system. The four packages of 
holding memories are used to store the control 
information for the traffic indicators. The memories 
(DM8551's) are sequentially updated by using the 
same scan decoder which is used as a multiplex 
decode of remote traffic counters (DM85L54's). 

The control coding developed allows a state 
interval to be shortened because one of the cross 
streets has detected on coming traffic. Also, the 
state interval can be lengthened if no cross or left 
turn traffic is detected. As the sequencer steps from 
state to state the other state conditions are tested. 
In other words, while in state B state conditions for 
A, C and D are tested for the necessary conditions 
which might modify the timing of state B, The four 
traffic counters which are shown in Figure 7 as 
DM8554 elements are multiplexed sequentially into 
the PLA sequencer controller where they are logi- 
cally “ANDed" with present state timing. Using this 
information the sequencer period is modulated per 
the equations defined by the state equations. 

It should be noted that the sequence order need 
not be orderly. The sequence of states through a 
complete cycle may have repeat intervals or jump 
commands in any step within the vastly variable 
complete sequence loop. There is no special require- 
ment that the sequencer be designed with order in 
mind if some sort of disorder will yield an improve- 
ment in performance. The performance advantage 
may relate to a dynamic performance improvement 
or it may relate to a cost performance improve- 
ment. Generally a cost improvement results when 
fewer parts are required in the overall solution. 


lem. The input control code is 14-bits wide and 
the output control word is 28-bits wide. Figure 9. 
This means that we would use four PLA's to 
generate the decoder solution if none of the pack- 
ages required more than 96 partial product terms. 
In our example assume that there are four output 
codes which have 90 partial p(;oduct solutions 
without considering the terms required by the 
four other output terminals of the PLA under 
question. 


The initial thought about solving this problem, 
would suggest the use of an additional PLA with 
inputs and outputs connected together to obtain 
the extra product terms. Since the four PLA's 
have a total of 32 outputs and only 28 are required, 
the 4 unused additional outputs may be coupled 
from a second PLA to the PLA which first con- 
tained the 4 high usage partial product groups of 
terms (Figure 9). 



OUTPUT 

CONTROL 

CODE 

120 OUTPUTS) 


DESIGNING WITH A PLA 

How should a PLA solution be developed? An 
orderly approach to the solution is necessary when 
the control word is wide and complex in form. The 
following techniques may be of some help In 
determining the decode combinations when using 
a PLA solution. 

1. List all input control codes which are required 
for each output. 

2. Reduce this list logically to minimize the number 
of partial product terms. 

3. Combine similar terms which may be used on 
more than one output terminals. 

4. Group outputs which can share the largest per- 
centage of the same partial product terms. 

There are some additional considerations with the 
general solution. Let's assume the following prob- 


FIGURE9. 

Doing this allows half of the partial product terms 
to be placed in each of two separate PLA's. PLA's 
can be connected with common inputs and common 
outputs. It should be noted that the output code 
for the common terms must be programmed using 
a negative true logic for, since this permits "wire- 
OR'ing" the outputs. This very significant design 
possibility would not be allowed if standard ROM 
techniques are used. 

This interesting observation shows that memory 
expansion for this product (PLA) is different than 
other memory elements. The normal Read Only 
Memory (ROM) or Random Access Memory (RAM) 
elements have chip select inputs which must be 
decoded and selected before the package is acti- 
vated. When these types of memories are expanded, 
additional decoder logic elements are required to 
select the proper memory array Figure 4. In case 
where there are more than one output terminal, 
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it is necessary to activate the entire package group 
and therefore an entire memory word must be 
used for the address. 


Neither of these conditions are necessary for the 
PLA. If the partial product does not exist as a 
decoder or programmed condition, the outputs do 
not change but if that product term does exist the 
outputs respond to the solution. In the PLA case 
it is possible for any one or combination of outputs 
to be selected from different but mutually con- 
nected packages (Elgu re 9). This element technique 
of grouping common control codes can simplify the 
solution. The technique may be used with multiple 
outputs to any degree which can prove economically 
efficient to the system design. 

This last technique is a variation of items 3 and 4 
in the design suggestions listed earlier. Utilization 
of this technique can result in significant improve- 
ments in memory storage efficiencies when com- 
pared different PLA solutions. 


CONCLUSION 

The two example applications, that of the control 
decoder within the digital processor and the traffic 
light sequencer, show the economic advantages of 
using the PLA because a reduction in circuit 
complexity and quantity results. The processor 
example application results also in an improve- 
ment in dynamic performance. Additionally both 
of these examples have a convenience of design 
which allows the system's work function to be 
modified without changing the overall system. 
Only a change of PLA programming need be 
accomplished to change the function of the decoder 
or controller system. 

There are many more design ideas which will 
become apparent within your system when the 
PLA is applied to the system design. More design 
flexibility than that available with the ROM or 
random logic design can be achieved with the appli- 
cation of PLA elements to the system. The overall 
result will be more logic function per system 
dollar. 
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CUSTOM ROM PROGRAMMING 


INTRODUCTION 

Custom ROM programs are submitted to National 
in three formats: paper tape, punched cards or 
truth table with punched cards being the preferred. 
These programs are converted into machine Ian- 
guage and outputted on a magnetic tape. This 
magnetic tape is used to make the programmable 
gate mask and the test tape. Wafers are held in 
inventory at gate mask. The wafers are then com- 
pleted using the custom gate mask and tested at 
the wafer level. The wafer is then scribed and the 
good dice assembled. After assennbly the units are 
tested using the custom test tape to assure the 
correct output pattern for every address. 

When MOS was in its infancy the design engineers 
called a logic ONE a low voltage because a P- 
channel MOS transistor is turned on with a negative 
bias applied. This became known as NEGATIVE 
logic and was the opposite of TTL's POSITIVE 
logic. As the MOS technology evolved and TTL 
compatibility became a reality it became desirous 
to use the same logic in MOS as in TTL. Therefore 
the first ROMs to come out were specified in 
NEGATIVE logic and the new ROMs are specified 
in POSITIVE logic. Extra care must be taken in 


App Notes/Briefs 


entering RQM codes that it is clear which logic 
level is used. National has programs to convert 
NEGATIVE logic to POSITIVE or POSITIVE to 
NEGATIVE so ROMs can be entered in either 
logic but the customer must specify which logic 
it is. 


DEFINITIONS 
Logic Definitions 

NEGATIVE Logic: "0" = Vh = the more positive 
voltage,. "T' = Vl = the more negative voltage. 

POSITIVE Logic: "0" = Vl, = the more negative 
voltage. "1" = Vh = the more positive voltage. 

Input Output Definitions 

Address: A-| is the least significant input address 
on ROMs. Lq is the least significant input address 
on character generators. 

Outputs: Bi is the least significant output. 



INFORMATION NEEDED 

So that National can better serve its customers the following information must be submitted with each ROM 
code. 


National Samieonductor Corporation 
2900 Semiconductor Or., Santa Clara, CA 95051 
IkWlLS Phone (408) 732-5000 TWX 910-339-9240 

NATIONAL PART NUMBER 

ROM LETTER CODE (NATIONAL USE ONLY) 

NAME 

DATE 

ADDRESS 

CUSTOMER PRINT OR I.D. NO. 

CITY 

STATE ZIP 

PURCHASE ORDER NO. 

TELEPHONE 

NAME OF PERSON NATIONAL CAN CONTACT (PRINT) 

AUTHORIZED SIGNATURE 

DATE 
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TRUTH TABLE FORMS 

Use the appropriate form for submitting truth tables. 

Form I 

MM3501 MM5204 MM4214/MM5214 MM4231/MM5231 

MM5201 MM4210/MIVI5210 MM4220/MM5220 MM4232/MM5232 

MM5202 MM4211/IV1M5211 MM4221/MM5221 MM4233/MM5233 

MM4203/MM5203 MM4213/MM5213 MM4230/IVIM5230 



Note 1; The Appropriate Logic Level box must be checked or order vyill not be accepted. 

□ POSITIVE Logic on Addresses and Outputs 

□ NEGATIVE Logic on Addresses and Outputs 

Note 2: The MM4232/MM5232 and MM4233/MM5233 have programmable chip selects and the logic level to enable the 

chip must be specified. CS 1 CS 2 ^ CS 3 — CS 4 — 

Note 3: TB is the total "1” bits in a column expressed in Decimal. 

Note 4: SUM is the total "1" bits in a row expressed in Decimal. 




Form ii 


MM5212 

MM5215 

M1VI4229/MM5229 (Positive logic only) 



ADD 

RESS 

OUTPUTCODE NOTE: 1 

B12 B11 BIO B9 B8 B7 B6 B5 B4 B3 B2 B1 

SUM 

50 















51 












1“ 


_ 52 














53 














54 











U— 

L_ 


55 














56 












f— 


57 












' 
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60 
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63 
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66 














67, 




■ 










68 














69 














70 














71 





1 









72 














73 














74 














__ 75 














76 







U- 







77 















78 














79 















80 














81 i 















82l 















83 














84 














85 












ZZi 


86 










1 





87 














88 











1 



89 






i 








90 







zj 







91 







__j 







92 














93 














94 




' 




Z] 


' 




95 








1 






^ 96 














97 














— 98 














99 














TB 











~ I 




Note 1: The Appropriate Logic Level box must be checked or order will not be accepted, 
n POSITIVE Logic on Address and Outputs 
O NEGATIVE Logic on Address and Outputs 

Note 2: The MM4229/MI\/15229 has programmable chip selects. Specify the Logic Level to enable the Chip (Positive Logic) 
CS 1 __ CS2 CS3 

Note 3: TB is the total “1" bits in a column expressed in Decimal. 

Note 4: SUM is the total "1" bits in a row expressed in Decimal. 
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Form III 

MM4240/MM5240 


CMABACTER LINE OUTPUT WORD 
ADDRESS ADDRESS „ „ ' ” „ 

(OECIMAU (DECIMAL) ^4 Bs SUM 


CHARACTER 

ADDRESS 

(DECIMAL) 

LINE 

ADDRESS 

(DECIMAL) 


)UTPUT WORC 
82 83 B4 

85 


-8 

0 






1 


1 








2 








3 








4 








5 








6 








7 







_9 

0 








1 








2 








3 








4 

L 




j 



5 

! 







6 








7 








TB 








Note 1: A logic "1" = most negative voltage. A logic "0" = most positive voltage. 

Note 2: Line address (L^, L, , Lj ) are the row or column select lines in a character generator application. In a read only mem 
ory application. A, shall be considered the MSB and the LSB, 

Note 3: TB is the total "1" bits in a column expressed in Decimal. 

Note 4: SUM is the total "1 " bits in a row expressed in Decimal. 





Form IV 

MM4241/MM5241 




CHARACTER 

ADDRESS 

(DECIMAL) 

LINE 

ADDRESS 

DECIMAL 

LSB OUTPUT CODE 

B1 B2 B3 B4 B5 B6 B7 B8 

SUM 

_0 

0 

Lj L, Lo 
0 0 0 











1 

00 1 











2 

0 1 0 











3 

0 1 1 











4 

too 











5 

1 1 0 










-1 

b 

0 0 0 











1 

0 0 1 











2 

0 1 0 


^ 









3 

oil .. 











4 

10 0 











5 

110 










_2 

0 

0 0 0 











1 

0 0 1 











2 

0 10 











3 

Oil 











4 

10 0 


















1 



_3 

0 

0 0 0 

1 










1 

0 0 1 











2 

0 1 0 











3 

Oil 











4 

1 0 0 











5 

1 0 1 










-4 

0 











1 











2 











3 











4 











5 







1 






TB 





_J 


, 




CE2 


CHARACTER 

ADDRESS 

(DECIMAL) 

LINE 

ADDRESS 

DECIMAL 

LSB OUTPUT CODE 

B1 B2 B3 B4 B5 B6 B7 B8 

SUM 

-5 

0 











1 











2 











3 











4 











5 










_6 

0 











1 











2 











3 











4 











5- 








1 


_7 

0 











1 











2 











1 '3 











4 





i 







5 






“1 




-8 

0 






,] 











j 





2 






1 





3 











4 











5 










_9 

0 











1 











2 









V 


3 



1 








4 











5 



u 








■TB' 











Not© 1: On the character address and output word negative logic is used: 

A logic "1" most negative voltage 
A logic "0" most positive voltage 
on the line address positive logic is used: 

A logic "0" most negative voltage 
A logic "1” most positive voltage 

Note 2: Line address (Lg, L^ , L, ) are the column select lines in a character generator application. In a read only memory 
application A^ shall be considered the MSB and the LSB. 

Note 3: TB is the total "V bits in a column expressed in Decimal. 

Note 4: SUM is the total "1" bits in a row expressed in Decimal. 
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TAPE ENTRY FORMAT 

Tape format for the following ROMs. 


MM3501 

MM4210/MM5210 

MM4211/MM5211 

MM4213/MM5213 


Anno ' ooooonrjn 
AA'ii onomnno n 
Ano^> ononnono 
A003 oininifii 4 
OOl 1 M 1 1 6 

.-Aon^ .it'Aj 1 1 iin 


MM4214/MM5214 

MM4220/MM5220 

MM4221/MM5221 

MM4230/MM5230 


MM4231/MM5231 

MM4232/MM5232 

MM4233/MM5233 


MM42XX 

^ bg, MSB 

POS 


CSl X 


CS2X 

[ LSB 

CS3X 




8 BIT TAPE FORMAT 

Note 1: The code is a 7rbit ASCII code on 8 punch tape. 

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A. 
Note 3: The total number of "1" bits in the output word. 

Note 4: The total number if "I" bits in each output column or bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic, or NEC logic depending on which is used. 

Note 7: LOGIC ON ADDRESS AND OUTPUTS must be the same (either POS or NEG). 

Note 8: Specify the pattern necessary to enable the ROM on the ROMS that need chip selects. 

Tape format for the MM5202, MM4203/MM5203 and MM4204/MM5204. 

PROM TAPE P AND N FORMAT 


— 1 Stop Character ,/ Data Field' MSB (Pin ni LSB(Pin4 

1 n/ I 1 ♦ ( 

8PPPNPPNNFBNNPPNNPPF...BNPNPNNNNF 


All Address Inputs LOW 


Word 255 

All Address Inputs HIGH 


•Data Field: Must have only P's or N's typed between B and F, No nulls or rubouts. Must have exactly eight P and N 
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start 
be rubbed out. Data for exactly 256 words'must be entered, beginning with word 0. P = ”1" or the more positive voltage. 

N = "0" or most negative voltage. When the MM4204/MM5204 is used the word length is 512. 

PROM TAPE BINARY FORMAT 


0 

00 

— 

0 

0 

0 / 

00 




0 0 


0 

00 


0 r- 

00 


0 

00 


0 . 

00 

0 

r 



Note 1 : Tape must be all blank except for the 513 words punched. 

Note 2: Tape must start with a START punch. 

Note 3: Data is comprised of two words the first being the actual Data the second being the complement of the data. 

Note 4: A punch is equal to a "1" or most positive voltage and the omission of a punch is a "0" or the more negative voltage. 

When programming the MM5202 or MM4203/MM5203 it should be remembered that the opposite logic from what is 
programmed will appear on the output of the PROM. In otherwords a P on the tape will program a Logic "0" or Vl in 
the PROM. 
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CARD ENTRY FORMAT 

Card format for the: MM3501 MM4213/MM5213 MM4221/MM5221 MM4232/MM5232 

MM4210/MM5210 MM4214/MM5214 MM4230/MM5230 MM4233/MM5233 

MM4211/MM5211 MM4220/MM5220 MM4231/MM5231 



Note 1 : Punch three input addresses per card with the first address in columns 1 ^25, the second in columns 26—50 and the third in columns 5t^80. 

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A. 

Note 3: The total number of "1” bits in the output word. 

Note 4: The total number if "1" bits in each output column or bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic or NEC logic depending on which is used. 

Note?: LOGIC ON ADDRESS. OUTPUTS AND CHIP ENABLE must be the same (either POS or NEG). 

Note 8: Leading zeros must be punched. 

Note 9: Specify the Chip Select Logic Levels that will enable the ROM where necessary. 


Card format for the MM5212. 



Note 1 : Punch three input addresses per card with the first address in columns 1—25, the second in columns 26— 50 and the third in columns 51 —80. 
Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A. 

Note 3: The total number of "I" bits in the output word. 

Note 4: the total number if "1" bits in each output column pr bit position. 

Note 5: Specify product type. 

Note 6: Must type POS logic. 

Note?: POSITIVE LOGIC ON ADDRESS AND OUTPUTS. 

Note 8: "1 " more positive output. "O" more negative output. 

Note 9: Leading zeroes must be punched. 
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Card format for the MM521 5. 



Note 1 : Punch three input addresses per card with the first in columns 1-25, 

the second in columns 26— SO, and the third in columns 51 -SO, 

Note 2: The ROM input address is expressed in decimal form and is preceded 

by the letter A. 

Note 3: The total number of 'M*' bits in the output word. 

Note 4: The total number if ”1" bits in each output column or bit position. 


Note 5: Specify product type. 

Note 6: Must type negative logic. 

Note 7: NEGATIVE LOGIC ON ADDRESS AND OUTPUTS. 

Note 8: "1" more negative output. "0" more positive output. 

Note 9: Leading zeroes must be punched. 


Card format for the MM4229/MM5229. 



Note 1 : The code is Hollerith as punched on 1 8M Model 029. Note 7: The total number of "1 's" in each input word. 

Note 2: Corresponds to Pin 16 Note 8: The total number of "Vs" in each output column. 

Note 3: Corresponds to Pin 15 Noted: Leading zeros must be punched. 

Noted; Corresponds to Pin 14 Note 10: The customer may use his own ID designation if he does not 

Note 5: The ROM Input address is expressed in decimal form and is punch the first column. 

preceded by the letter A Positive logic on address and outputs "1" more positive 

Note 6: All 256 address 10-255) must be coded. "0" more negative voltage. 
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DESIGNING MEMORY SYSTEMS 
USING THE MM5262 


INTRODUCTION 

The objective of this application note is to describe, in 
detail, the operation of the MIVI4262/IVIM5262 Dynamic 
2K P-channel silicon gate RAM and how to apply this 
RAM in designing memory systems. Specifically the 
topics to be covered are; 

I. Detail description of operation of MM4262/ 
MM5262 

II. Memory Systems Application of MM4262/ 
MM5262 

A. Interface 

B. System Timing 

C. Refresh Requirements 

D. Power Considerations 

E. Printed Circuit Layout Considerations 

III. A 16K x 10 Memory Application Example 

Although the MM4262/MM5262 device is being used as 
the primary example, many of the topics discussed are 
of general application to the design of memory systems. 

I. Detail Description of Operation of MM4262/MM5262 

The MM4262/MM5262 is a 2048 x 1 random access 
read/write dynamic MOS memory. “2048 x 1" says the 
device is organized as 2048 words with each word con- 
taining one bit. “Random access" says that words may 
be accessed in any sequence. “Read/write" says that 
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information can be read from the memory or written 
into the memory. "Dynamic" says the information is 
stored in the form of voltages on capacitors. Lastly 
“MOS" says the device is manufactured using Metal- 
Oxide-Semiconductor technology. 

Inputs consist of eleven address inputs (2^ ^ = 2048), Chip 
Select, Read/Write Control, Data In, three clocks and 
three power supplies. All inputs except clocks and power 
supplies can be driven by standard TTL circuits. The 
power supplies are nominally Vqq = -15V, Vgg = +5V 
and Vgg = -I-8.5V. The clocks swing from Vqq to Vgg 
nominally. There is one output which sources current. 

A logic diagram for the MM4262/MM5262 is shown in 
Figure 1 . Because dynamic logic is difficult to represent 
in standard logic symbols it is necessary to show actual 
transistors in some cases. Further, the internal logic is 
shown in negative logic notation. In this notation a logic 
“1" is the most negative voltage level and a logic “0" is 
the most positive voltage level. This is opposite to the 
normal TTL logic convention. It may seem, at first, that 
this change in logic convention introduces unneccessary 
confussion, particularly since all inputs and outputs to 
the MM4262/MM5262 are specified using standard TTL 
logic convention. However, once the negative logic con- 
vention is accepted and inputs are translated to this con- 
vention it will be much easier to understand the internal 
operation of the MM4262/MM5262. 

To aid in this translation ra6/e 7 shows inputs and out- 
puts in TTL positive logic format and in the negative 
logic format used in Figure 1. See page 11. 



TTL Positive Logic 
Notation (Vqd = - 

15V, Vss = +5V) 

Negative Logic 
Notation Used In 
Figure 1 (Vqq = 

-15V, Vss = +5V) 


Voltage Level 

Logic Level 

Voltage Level 

Logic Level 

Inputs 

3.5V to 6V 

1 

3.5Vto6V 

O 

-5V to 0.8V 

0 

-5V to 0.8V 

1 

Outputs 

^ 500m A @ 1.8V 

1 

>500mA@1.8V 

0 

< 1 OOmA @ OV 

0 

<100mA@0V 

1 

Clocks 

4Vto6V 

' ' ^ 

4V to 6V 

0 

-16Vto-14V 

' ' ' 0 

-16V to -14V 

1 

Internal 

5V 

1 ' 

+5V 

0 

Levels 

-15V 

0 

-15V 

1 


Table 1 
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Using the negative logic notation described in Table 1 a 
logic "1" (-15V) applied to gate of an MOS transistor 
will cause that transistor to turn on giving a low 
impedance between the drain and source terminals, while 
a logic “0" will cause that transistor to turn off giving a 
high impedance between the drain and source terminals. 

Detail A, shown in Figure 1 , shows the basic memory cell 
used in the MM4262/MIVI5262. Information is written 
into the cell and read out of the cell via the column line 
X(s^. The Write and Read operation are controlled by the 
two row lines, and Yjy|p respectively. Information 

is stored in the cell as a voltage level on capacitor C/v^- 

At 0-| time, 0<| clock at logic "1", all X lines are pre- 
charged to a "1" level by the transistors labeled Q1. 
This “V level is maintained by the capacitance of the X 
lines until it is conditionally discharged by the cells of 
the selected row. 

The conditional discharge of the X lines takes place 
when Y read line, Y|y^p|, goes to a logic "1” turning on 
Qa 2- If 3 loQ'c "1" is stored on capacitor C^, 0^3 is 
conducting, allowing the X|\j line to discharge to V33 
(+5V). If, on the other hand, a logic "0" is stored on 
capacitor C^, is not conducting and the X|\j line 

will maintain the logic "1" level established during 01 
time. Note that information being read out of the 
selected cells on the X lines is of the opposite level as 
that stored on capacitor C/^. 

Although the information from only one cell will be 
output froni the RAM, when the Y|y|p line of a particular 
row is taken to a logic "1", all 64 X lines will assume the 
complement of the data stored in the 64 memory cells 
of that row. This characteristic is fundamental to the 
refresh operation of the MM4262/MM5262 and will be 
discussed in the following text. 

The Write operation is controlled by the Y write line, 
Ymw- When Y|y|yy of a particular row goes to a logic "1" 
level conducts charging the storage capacitance, 

C^, to the same logic state that existed on the X|\| line 
prior to Yjyjyy going to a logic "1". Note that when the 
Ymw 3 particular row goes to a logic "1" the 

information on the 64 X lines will be transferred to the 
64 cells of the selected row. 

Since the Information is stored as a voltage on a capacitor 
this voltage must be restored or "refreshed" periodically 
or leakage currents will cause its loss. As described above 
information can be read out of a cell on to its cor- 
responding X line and also can be read from the X line 
back to the storage capacitor, C/\. Referring to Figure 1 , 
the row lines Ymr and Ymw ^ through 32) are 

driven by transistors Q3 and Q4 respectively. Address 
inputs Aq through A4 select which row is to be driven 
by taking the gates of Q3 and Q4 to a logic "1". As can 
be seen from the logic diagram the Y Read line of the 
selected row will go to a logic "1 " when 4>2 3 logic "1 " 


and the Y Write line will go to a logic "1 " when 0 3 is a 
logic "1", 

In order for the MM4262/MM5262 to operate properly 
the clocks 0^, 02, and 03 must be applied in sequence. 
Also, as can be seen from the above description of its 
operation, the clocks must not overlap one another. For 
instance, if 0-| and 02 were both on simultaneously, the 
X|\j lines could not be discharged properly by the 
memory cell transistors, Q/\2 3nd Q/\3- If 02 and 03 
were on together, the memory cell would quickly lose 
the information stored there. 

The refresh of a row will then be accomplished when 
the clocks 0i, 02 and 03 are applied in sequence. The 
sequence of events would occur as follows: 

(1) All X lines are precharged to a logic "1" at 0-| 
time. 

(2) The complement of the data stored on the cell 
capacitors of the selected row, is stored on the 
X lines at 02 time, 

(3) The information stored on the X lines is written 
back into the cells of the selected row at 03 
time. 

There is then only one remaining question to resolve. The 
above refresh cycle restores not the original voltage 
stored on capacitor but its complement. When the 
information is eventually read out of the cell, how can 
we tell if the cell contains a logic "1" or "0", since the 
voltage alternates with each application of the 03 clock? 
The answer is the Dummy Cell shown in detail B of 
Figure 1 . 

There are 32 Dummy Cells, one for each row. The out- 
put, DC, of the Dummy Cell corresponds to the X|\| line 
of the memory cell. Like X|\j of a memory cell, DC is 
precharged to a "1" level at 0-| time (through Qg). 
Since the Ymr and Ymw 

Dummy Cell and its corresponding row, the output, DC, 
of the Dummy Cell will alternate between a logic "1" 
and a logic "0" each time the 0^, 02, and 03 clocks are 
applied. As will be discussed, the output, DC, is used to 
complement or not complement the input and output 
information. The Dummy Cell is equivalent to a one bit 
counter and determines if the row has been comple- 
mented an even or an odd number of times. Since DC is 
changing in synchronism with all memory cells in its 
corresponding row, the voltage out of any cell will be 
properly interpreted logically to the outside world. 

The description of the basic memory storage mechanism 
is now complete. All chat remains is a description of the 
circuitry required to transfer information into and out 
of a particular cell. In order to understand the input/ 
output circuitry, it is necessary to specify the timing 
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requirements of the MM4262/MM5262. Figure 2 shows 
these timing requirements. The necessity of non-oyer- 
lapping clocks has already been discussed. The timing 
diagram quantitatively Shows this with the timing 
intervals T-j 2, T23 and T3-|. In general, it requires a 
certain amount of time for information to propagate 
through the internal logic elements. This propagation 
time limits the minimum allowable clock pulse widths 
t^lPW' ^2PW "^3PW^ minimum allowable 

time between clocks (T^2, ^23 ^3|)- Input signals 

in general must be in a stable logic state prior to a clock 
edge, input set up time, and after a clock edge, input 
hold time. These signals are subscripted “S" (set up) and 
''H" (hold) respectively on the timing diagram. Set up 
and hold times are also determined by internal propa- 
gation delays. 

All timing conditions, as specified in the MM4262/ 
MM5262 data sheet, must be adherred to for the proper 
operation of this device. This seems like an obvious 
statement, but in cases of malfunction it is often found 
that incorrect timing and/or voltage levels are the cause. 

Up to this point, the description of the MM4262/ 
MM5262 has proceeded from the inside out, so to speak. 
Changing our perspective at this time will make the 
description of the input/output circuitry more easily 
understood. To do this, let us consider the basic func- 
tional blocks of this, and almost any other RAM for that 
matter. 

The basic functional blocks are: (1) Input Address 
Buffer, (2) Input Data Buffer, (3) Write Circuit, (4) Row 
Decoder, (5) Column Decoder, (6) Memory Storage 
Array, (7) Sense Circuit and (8) Output Data Buffer. 



FIGURE 2. Timing Diagram for MM4262/MM5262 
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Any of the basic functional blocks is simple taken by 
itself. When considered in total, they only seem com- 
plex. Let us examine each, for the MM4262/MM5262, 
in turn: 


(1) input Address Buffer 

Addresses Aq through A-|o and CS are strobed into 
• li^tches by the 0-| clock. The latches hold the 
address and chip select information-fixed until the 
next 0| clock updates them. The true and com- 
plement of address and chip select inputs are avail- 
able at the latch outputs. The I nput Address Buffer 
also converts from TTL voltage levels to MOS 
voltage levels required by the internal Circuitry. 

(2) Input Data Buffer 

The Input Data Buffer converts TTL input voltage 
levels to MOS voltage levels and gates the input 
data to the Write Circuit. The gating of input data 
is controlled by the CS, R/W and 0^ inputs and 
the output of the Dummy Cell, DC. When DC is a 
logic "0", the complement of the input data is 
written into the selected cell. When DC is a logic 
"1", the input data is written into the selected cell 
in the same logic sense in which it appears on the 
input pin. 

(3) Write Circuit 

The Write Circuit is driven by the Input Data 
Buffer and in turn drives the DS lines. The Memory 
is divided into four quadrants. Each quadrant con- 
tains 512 bits of storage capacity. There is a 
separate Write Circuit for each quadrant. The 
inputs of the four Write Circuits are tied together. 

(4) Row Decoder 

The Row Decoder decodes address inputs Aq 
through A4 into one of the 32 rows. The output 
of the five input NOR gate, of the selected row, 
goes to a logic "1", gating on transistors labeled 
Q3 and Q4, Information is then read from or 
written into the cells of that row, at 02 3*^*^ ^3 
time, as previously described. 

(5) Column Decoder 

The Column Decoder decodes address inputs Ag 
through A^ q into one of 64 columns. The output 
of the six input NOR gate, of the selected column, 
goes to a logic "1" at 0^ time turning on the tran- 
sistor labeled Q2. Turning on Q2 will connect the 
selected X line to its appropriate DS line. As dis- 
cussed previously, the X lines are precharged to a 
logic “1" at 0-| time and, as will be seen, the sense 
amplifier also charges the DS line to a logic “1" 
at 01 time. At 4>2 time, information from the 
selected cell is input to the sense circuit via the 
selected X line through Q2 and the DS line. At 03 
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time data is written into the selected cell from 
the Write Circuit via the DS line, Q2 and the 
appropriate X line, 

(6) Memory Storage Array 

The Memory Storage Array contains 2048 memory 
cells (detail A) and is arranged in 32 rows and 64 
columns. This array is subdivided into four quad- 
rants of 16 rows and 32 columns (512 mernory 
cells) each. The subdivision is necessary only to 
facilitate circuit layout and improve performance 
due to parasitic elements. It has no functional 
significance. The operation of the storage array 
has been discussed previously, 

(7) Sense Circuit 

The Sense Circuit is designed such that the DS 
lines are forced to a logic "1" and DS lines to a 
logic “0" at 0-j time. Information from the DS 
lines is strobed and latched by the Sense Circuit at 
02 time. The DS outputs of the Sense Circuits 
drive the Output Data Buffer. 

(8) Output Data Buffer 

The Output Data Buffer converts the output data 
from MOS levels to the output current levels 
specified on the data sheet. Three of the DS lines, 
from the three quadrants not selected, will be at a 
logic "0" level. The fourth DS line, from the 
selected quadrant, will be gated to the output in 
the same logic sense when DC is a logic "1", and 
complemented when DC is a logic "0". 

The three clocks are obviously fundamental to the opera- 
tion of the MM4262/MM5262. It is helpful to think of 
them in terms of the functions they control. These 
functions are: 

0*1 — Latches input addresses and precharges internal 
nodes. 


The hooker is of course, "if done properly." What is 
proper? The worst case TTL "0" level is 0.4 volts 
maximum when sinking 16 mA. The MM4262/MM5262 
does not require any current sink, except for leakage, 
and its "0" level input voltage is 0.8 volts leaving 0.4 
volts for noise margin. Clearly the TTL "0" level is no 
problem. The "1" level is not so straight forward. A 
worst case TTL "1 " level is 2.4 volts and at Vs5 = 5 volts 
the MM4262/MM5262 requires a minimum of (V35 -1.5) 
= 3.5 volts as an input "1" level. Clearly this is in con- 
flict. However an examination of the worst case 
level specification in more detail will make this picture 
considerably brighter. 

Figure 3 is the schematic of a typical TTL gate. The "1" 
level output voltage is: VoutH) = Vcc- dc2X 1-6K + 
Vg£(Q3) + Vqi). With transistor Q2 turned off Q4 
will be off and with no dc load on the output, 1^2 0- 

The one level output voltage is then: VQy^(1) = Vqq - 
Vbe(Q3) - Vd|. At 25°C Vg£(Q3) and Vd^ will be 
approximately 0,7 volts. The TTL "1" level output is 
’^out^^^ “ ^CC " volts, giving 0.1 volts of noise 
margin. It is important to note that even though TTL 
"1" levels are specified as absolute voltages they actually 
follow the Vqq supply. 
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02 — Reads information from selected cells. 

03 — Writes information into selected cells. 

li. Memory System Application of 
the MM4262/MM5262 

A. Interface 

In applying the MM4262/1V1IVI5262 device to any system 
three distinct types of interface must be considered. The 
inputs, the output and the clocks each has unique inter- 
face requirements. 

The inputs are TTL compatible. Let's look in detail at 
what "TTL compatible" means. It does not mean that 
the user can drive the MM4262/MM5262 inputs with any 
TTL gate without giving it another thought. "TTL com- 
patible" means that the MM4262/MM5262 can be driven 
by TTL, if done properly, without the need of voltage 
translation. 


Under what conditions will the "1" level output of a 
TTL gate equal 2.4 volts? Several conditions have to 
exist simultaneously. For a military grade part (-55°C 
to +125°C) the "1" level output will equal 2.4 volts, 
when Vqq = 4.5 volts, Vjp(O) = 0.8 volts, lout “ 400qA 
and the ambient temperature is -55°C. Remember the 
25°C value under the conditions of Vjn(0)= 0.4 volts, 
'out “ 0 is Vqq - 1.4 volts. The temperature coefficient 
of a forward biased diode is approximately -2 mv/°C. 
Going to ,-55°C will then degrade the "1" level by 
(25°C ~ (-55''C)) X 2 mv/°C = 0.16 volts or 
Voutn)/_55°c = Vqq - 1.56 volts. At Vqq = 4.5 volts 
Voutn)/_55°c = 4.5 ~ 1.56 = 2.94 volts. As the input 
"0" level degrades to 0.8 volts transistor Q2 starts turn- 
ing on causing a voltage drop of Iq2 x 1.6K to further 
degrade the output. All these affects combine to pro- 
duce a worst case "1" level output of 2.4 volts. If a "1" 
level of Vgg - 1.5 volts must be guaranteed, under all 
the above condition, the TTL gate by itself can not 
drive the MM4262/MM5262 inputs. . 
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One solution, that will absolutely guarantee that the 
Vss - T.5 volts "1" level requirement is met, with ample 
noise margin, is to use a resistor connected between the 
TTL output and the V55 supply. The penalties that are 
paid for this are increased number of components and a 
slight increase in power. The TTL output will pull to the 
V55 supply with an RC time constant of the pull up 
resistor and the capacitance of the line, after the 
maximum TTL/'I" level has been reached. Figure 4 
shows the form the TTL output would take when going 
from a ,"0” to a "1". There would be no appreciable 
difference between tlie "1" to "0” transistion with or 
without the pull-up resistor. The pull-up resistor should 
be selected to meet speed requirements and at the same 
time keep power dissipation and load on the TTL gate 
within allowable limits. Since most manufacturers of 
standard 54/74 TTL specify speed with 50 pF load, 
eight IV1M4262/IV1M5262 device inputs {8 x 7 pF = 56 pF) 
could be driven by a single 54/74 device. If more drive 
capability is required, other devices such as the DM7096/ 
8096 hex Tri-State® inverters are capable of driving 
twice the capacitance that a 5404/7404 can drive, with 
the same rise time. 
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FIGURE 4. Form of TTL Output With Resistive Pull-Up Driving 
Capacitance Load 

The output of the MM4262/MM5262 is of the current 
sourcing type. A "1" level is represented as current of at 
least 600 mA (500juA for the MM4262) at an output 
voltage of 1.8 volts. A “0" level is represented as a 
current of less than lOOjuA at a voltage of 0 volts. It is 
desirable to be able to tie the outputs of many RAMs 
together. This can, in a large system represent a signi- 
ficant capacitance. Since p-channel MOS does not have 
large current drive capability current outputs are the 
logical choice. They minimize the amount of output 
voltage swing required. Which, for capacitive loads, 
greatly reduces current drive requirements. The current 
output does necessitate using a sense amplifier, but. this 
is not a significant penalty. TTL output compatible 
MOS circuits can typically drive only one standard TTL 
load. They must therefore be buffered to increase fan- 
out. The sense amplifier, in the case of the MM4262/ 
MM5262, takes the place of this buffer at no net increase 


in package count. It performs both the function of 
converting current to TTL levels as well as increasing fan- 
out. 

The DS1 605/3605 family and the DS3625 sense ampli- 
fiers are recommended for use with the MM4262/ 
MM5262. The DS3625 is a dual sense amplifier and 
irrcdfporates a latch. The DS1 605/2605 family is a hex 
sense amplifier. All have Tri-State ® outputs for bus 
interface capability. 

The clock signals for the MM4262/MM5262 have three 
requirements which have the potential of generating 
problems for the user. These requirements, high speed, 
large voltage swing and large capacitive loads, combine 
to provide ample opportunity for inductive ringing on 
clock lines, coupling clock signals to other clocks and/or 
inputs and outputs and generating noise on the power 
supplies. All of these problems have the potential of 
causing the memory system to malfunction. Recogniz- 
ing the source and potential of these problems early in 
the design of a memory system is the most critical 
step. The object here is to point out the source of these 
problems arid give a quantitative feel for their magnitude. 

Line ringing comes from the fact that at a high enough 
frequency any line must be considered as a transmission 
line with distributed inductance and capacitance. To see 
how much ringing can be tolerated we must examine the 
clock voltage specification. F/^rt/re 6 shows the clock 
specification, in diagram form, with idealized ringing 
sketched in. The ringing of the clock about the V55 
level is particularly critical. If the Vgg - 1 volt is not 
maintained, at _all times, the information stored in the 
memory could be altered. Referring to Figure 1 , if the 
threshold voltage of a transistor were -1.3 volts, the 
clock going to Vgg - 1 would mean that all the devices, 
whose gates are tied to that clock, would be only 
300 MV from turning on. The internal circuitry needs 
this noise margin and from the functional description 
of the RAM it is easy to see that turning a clock on at 
the wrong time can have disasterous results. 



FIGURE 6. Clock Waveform 

Controlling the clock ringing is particularly difficult 
because of the relative magnitude of the allowable ring- 
ing, compared to the magnitude of the transition. In 
this case, it is 1 volt out of 20 volts or only 5%. Ringing 
can be controlled by damping the clock driver and 
minimizing the line inductance. 
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Damping the clock driver by placing a resistance in series 
with its output is effective, but there is a limit since 
excessive resistance will slow down the rise and fall time 
of the clock signal. Because the typical clock driver can 
be much faster than the worst case driver, the damping 
resistor serves the useful function of limiting the mini- 
mum rise and fall time. This is very important because 
the faster the rise and fall times the worse the ringing 
problem becomes. The size of the damping resistor varies 
because it is dependent on the details of the actual appli- 
cation. It must be determined empirically. In practice 
a resistance of 10^2 to 20^2 is usually optimum. 

Limiting the inductance of the clock lines can be accom- 
plished by minimizing their length and by laying out 
the lines such that the return current is closely coupled 
to the clock lines. When minimizing the length of clock 
lines it is important to minimize the distance from the 
clock driver output to the furthest point being driven. 
Because of this, memory boards are usually designed 
with clock drivers in the center of the memory array, 
rather than on one side, reducing the maximum distance 
by a factor of 2, 

Using multilayer printed circuit boards with clock lines 
sandwiched between the Vqq and Vgg power plains 
minimizes the inductance of the clock lines. It also 
serves the function of preventing the clocks from 
coupling noise into input and output lines. Unfortun- 
ately multilayer printed circuit boards are more expen- 
sive than two sided boards^ The user must make the 
decision as to the necessity of multilayer boards. Suffice 
it to say here, that reliable .memory boards can be 
designed using two sided printed circuit boards. The 16K 
words x 10 bits memory board described in the example 
at the end of this application note demonstrates this. 

The recommended clock driver for use with the 
MIV14252/IVIIVI5262 is the DS0056/DS0056C dual clock 
driver. This device is designed specifically for use with 
dynamic circuits using a substrate, Vgg supply. Typically 
it will drive a 1000 pF load with 20 ns rise and fall times. 
Figure 7 shows a schematic of a single driver. 

In the case of the MM4262/MM5262 V+ is +5 volts and 
Vgg is -t8.5 volts. Vgg should be connected to the Vgg 
pin shown in Figure 7 through a 1 K resistor. This allows 
transistor Qg to saturate pulling the output to within a 
VCE(SAT) of the V-t supply. This is critical because as 
was shown before the Vgg - 1.0 volt clock level must 
not be exceeded at any time. Without the Vgg bull up 
on the base of Q4 the output at best will be 0.6 volt 
below the V+ supply and can be 1 volt below the V-t- 
supply reducing the noise margin or this line to zero. 

Because of the amount of current that the clock driver 
must supply to its capacitive load, the distribution of 
power to the clock driver must be considered. Figure 8 
gives the idealized voltage and current waveforms for a 
clock driver driving a 1000 pF capacitor with 20 ns rise 
and fall time. 



FIGURE 8. Clock Waveforms (Voltage and Current) 


As can be seen the current is significant. This current 
flows in the Vqq and Vgg power lines. Any significant 
inductance in the lines will produce large voltage tran- 
sients on the powe/ supplies. A bypass capacitor, as 
close as possible to the clock driver, is essential in mini- 
mizing this problem. This bypass is most effective when 
connected between the Vgg and Vqq supplies. A bypass 
capacitor for each DS0056 is recommended. The size 
of the bypass capacitor depends on the amount of 
capacitance being driven. Using a low inductance 
capacitor, such as a ceramic or silver mica, is most effec- 
tive. Another helpful technique is to run the Vqq and 
Vgg lines, to the clock driver, adjacent to each other. 
Thj,s tends to reduce the lines inductance and therefore 
the magnitude of the voltage transients. 
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The output current of the clock driver during the transi- 
tion frorn high to low or low to high may be as high as 
1.5 amps wh'en driving a large capacitive load. During the 
transition from high to low this current is also conducted 
through the V- lead. If the external interconnective V- 
wire between the clock driver and the circuit driving the 
clock driver is electrically long, or has significant DC 
resistance, the current transient will appear as negative 
feedback and subtract from the switching response. To 
minimize this effect short interconnecting wires are 
necessary and high frequency power supply decoupling 
capacitors are again required. 

While discussing the clock driver it should be pointed 
out that the DS0056 is a relatively low input impedance 
device. It is possible to couple current noise into the 
input without seeing a significant voltage. Since this 
noise is difficult to detect with an oscilloscope, it is 
often overlooked. 

An excellent source of information on MOS clock drivers 
is Application Note AN-76, Applying Modern Clock 
Drivers to MOS Memories. AN-76 is of general applica- 
tion and it is recommended that the memory designer 
be familiar with it. 

Lastly the clock lines must be considered as noise 
generators. Figure 9 shows a clock coupled through a 
parasitic coupling capacitor, C^, to eight data input lines 
being driven by a 7404. A parasitic lumped line induct- 
ance, L, is also shown. Let us assume for the sake of 
argument, that is 1 pF and that the rise time of the 
clock is high enough to completely isolate the clock 
transient from the 7404 because of the inductance, L. 
With a clock transition of 20 volts the magnitude of the 
voltage generated across C|_ is: 


V = 20Vx- 


C| + C- 


= 20V X - 


1 


56 -M 


■ = 0.35 volts 


This has been a hypothetical example to emphasize that, 
with 20V fast rise/fall time transitions, parasitic ele- 
ments can not be neglected. In this example 1 pF of 
parasitic capacitance could cause system malfunction, 
because a 7404 without a pull up resistor has typically 
only 0.1 volts of noise margin in the state at 25°C. 
Of course it is stretching things to assume that the 
inductance, L, completely isolates the clock transient 
from the 7404. However, it does point out the need to 
minimize inductance in input/output as well as clock 
lines. 


Vss 



FIGURE 9. Clock Coupling 


The output is current, so it is more meaningful to 
examine the current that is coupled through a 1 pF 
parasitic capacitance. The current would be; 


t 20x 10-9 


This exceeds the total output current swing so it is 
obviously significant. 

Clock coupling to inputs and outputs can be minimized 
by using multilayer printed circuit boards, as mentioned 
previously, physically isolating clock lines and/or running 
clock lines at right angles to input/output lines. All of 
these techniques tend to minimize parasitic coupling 
capacitance from the clocks to the signals in question. 

In considering clock coupling it is also important to have 
a detail knowledge of the functional characteristics of 
the device being used. As an example, for the MM4262/ 
MM5262, coupling noise from the <j >2 clock to the 
address lines is of no particular consequence. On the 
other hand the address inputs will be sensitive to noise 
coupled from the 0-| clock. 

B. System Timing 

The timing diagram in Figure 2 defines the critical timing 
parameters on the MM4262/MM5262. Timing parameters 
are either generated by the system or controlled by the 
physical characteristics of the MM4262/MM5262. There 
is sometimes confusion regarding the definition of maxi- 
mum and minimum for these parameters. For instance, 
the 0-| clock pulse width, T-jp^, is generated by the 
system and for the MM5262 has a minimum value of 
95 ns and a typical value of 70 ns. It does not sound 
correct to have the typical value less than the minimum 
value. This specification simply means that the typical 
MM5262 will function properly with a T-|pyy of 70 ns 
bot a T-jpy^ of at least 95 ns must be supplied if all 
MM5262 devices are to function properly. 

On the other hand Read Access Time, Tp^cC2' 
MM4262/MM5262 characteristic. For the MM5262 it is 
specified as 195 ns maximum and 150 ns typical. This 
simply means that a typical MM5262 has a T^CC2 
150 ns and no MM5262 has an access of greater than 
195 ns. 

Other parameters, such as T/^qq-|, are dependent on 
both system generated timing {T ^5 and T'| 2 ) and 
MM4262/MM5262 characteristics (TacCI^- ^ACC2 
maximum is obtained by setting T^g and T 12 to their 
minimum and T/^qqi to its maximum. 

When setting up the system timing adequate margins 
must be maintained such that under worst case condi- 
tions all of the timing requirements are met. The main 
point to consider In establishing these margins is the 
variation In propagation delay of the components driving 
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the MM4262/IVIM5262. An example will best serve to 
illustrate the type of problem that must be considered. 

Let us look at the timing of the rising edge of and 
address inputs to the RAM. As we saw before it is 
critical to maintain address setup and hold times 
(Tas afid proper operation. Figure 10 shows 

the logic diagram and timing for this example. Table 2 
gives the minimum and maximum propagation delays to 
Aq and . 



Minimum 

Maximum 


tpd 1 

5 ns 

22 ns 

I IM^ to Aq 

tpd 0 

3 ns 

15 ns 


tpd 1 

12 ns* 

35 ns* 

IIMg to 01 

tpd 0 

11 ns* 

34 ns* 


* Estimated Using DS0056 Data Sheet 


Table 2 



FIGURE 10. 

In this case, assuming there is no tracking of delays, the 
worst case situation will occur for when the (pi 
delay is minimum and the Aq delay is maximum. From 
Figure 2 : 

'rAS = '^3'^’*'lPW'T'2 

Setting T^p\f\j at its minimum allowable value gives: 

Tas = T 3 (min) + 95 ns - T2(max) > 80 >is 
T 3 (nnjn) “ T 2 (nnax) ^“^8 ns 


From table 2: 

^ 3 (min) ” ^ 2 (max) ~ -12 - -11 ns 

Therefore, since -1 1 ns > - 1 2 ns all is well. 

The worst case conditions for occur when the 
delay is maximum and the Aq delay is minimum. From 
Figure 2 : \ 

^AH ~ ^lAH ■*' T 4 (min) - T-|(max) > 90 ns 


Substituting from table 2 gives: 

T| ah + 3 ns - 34 ns > 90 ns 
or 

T|ah> 59 ns, 

With the estimated worst case time of Table 2, T|/^H' 
input address hold time must be at least 59 ns. 

This example demonstrates how the memory system 
designer must account for variations in propagation 
delays of logic elements used to drive the MM4262/ 
MM5262. As the details of the externah logic vary the 
determination of critical timing paths also vary. Some 
tracking of delays in this logic can usually be anticipated. 
In the above example we have assumed none. Tracking 
of delays will produce, in general, a faster system. As 
system performance depends more and more on com- 
ponent tracking to reach speed goals the risk of failure 
also increases. The memory designer, with knowledge 
and experience, must trade off this improved perform- 
ance against risk. 

C. Refresh Requirements 

In section I, detail description of operation of MIVI4262/ 
MM5262, the need for restoring or "refreshing" the 
information stored in the RAM was indicated. The 
internal leakage is such that each cell of a MM5262 
must be refreshed at least every 2 milliseconds and the 
MM4262 at least every 1 millisecond. Since the RAM 
refreshes on a row basis (32 rows) refresh could be 
accomplished by applying 32 clocks every 2 ms (1 ms 
for MM4262). One clock for each row. 

Although address inputs Aq through A 4 , row addresses, 
must clearly be defined during refresh, it is also necessary 
that normal set up and hold times be observed for the 
column addresses, Aq through A-|q. A reasonable alterna- 
tive is to force them to a logic " 1 " or " 0 " state and 
sequence Aq through A 4 through their 32 states. If it is 
more convenient to let A 5 through A-|q vary, T/^g and 
T/^(_l must be observed on those addresses during refresh. 
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D. Power Considerations 


Power consumed by a memory system using the 
MM4262/MM5262 can be divided into four categories: 
(1) Power required for peripheral circuitry, (2) Clock 
power, (3) dc power required by the MM4262/MM5262 
and, (4) ac power required by the MM4262/MM5262. 

Calculation of peripheral circuit power, assuming it is 
TTL, is straight forward and won't be described here. 
Clock power, which is dissipated almost entirely in the 
clock driver, is completely described in application note 
AN-76 mentioned previously. Again it is recommended 
that the memory designer be familiar with this applica* 




In describing power consumed by the MIV14262/MM5262 
the terms dc and ac power should be defined. When 
there is a resistive path for the current it is termed dc 
power, even though the current may be switching. When 
there is a capacitive path for the current it is termed ac 
power. These are not conventional definitions but it is 
necessary to make some distinction between the two 
types of current. DC power is proportional to the duty 
cycle of the clocks while AC power is proportional to 
the frequency of the clocks. 

Figure 11 shows Iqq for a typical MM5262 operating at 
= 25° C with a cycle of 840 ns. As can be seen a large 
current transient, 150 mA peak, occurs during the 
clock time. Current during clock time is composed 
of dc and ac current. The dc current, 20 mA, is approxi- 
mately constant throughout the 0-| clock interval. The 
ac current results from precharging internal capacitive 
nodes during the 0| clock time. The remainder of the 
currents are basically a combination of ac and dc 


Note 17, on the MM4262/MM5262 data sheet, gives an 
approximate relationship for calculating IpQ. This rela- 
tionship is: 

I I Ex 1000ns 

B X + UX— 

TcyC ^CYC ^CYC 

With the aid of Figure 11 the terms A, B and C can be 
readily Identified. 

The A term is the value of the dc current during the 0-| 
clock interval, T-|pyy. The resulting average current is 
simply A times the duty cycle (A x ’T‘\p\i^/Tqyq). The 
B term is the same thing for the 02 clock interval, T2Pw- 

The C term accounts for the shaded area, Qq In Figure 
11. Qq is the amount of charge transferred to the 
internal node capacitance each cycle. Therefore the 
amount of charge per unit time, I, is: I = Qc/Tqyc* 
In the above formula for Iqq, C = Qc/10“® sec. This 
corresponds to an on chip capacitance of approximately 
500 pF with which the chip bypass capacitors must 
charge share. 


100 mA 



FIGURE 11. Typical at = 25'=C 

The primary purpose for showing the Iqq current wave- 
form js to point out the magnitude of the current 
transient during 0-| time. If the worst case current is 
calculated using the above equation, with worst case 
value for A, B and C with TqYC “ we get: 


The initial ac transient accounts for approximately 77% 
(15.7/20.4) of the total power dissipation of the RAM. 
In addition to the Iqq current there is also a current 
transient due to the input clock capacitance of 0-| that 
must be considered. With 20 ns rise time on the 0-| clock 
this current is: 

1 = 50 X 10“^ 2 farads x 20 volts/20 x 10“^ sec = 50 mA 

The purpose of pointing out all these transient currents 
and their magnitude is to demonstrate the need for using 
bypass capacitors with the MM4262/MM5262. If there is 
significant inductance in the Vqq, V 3S and/or V0g 
lines, serious voltage transients will result unless suffi- 
cient bypass capacitors are used. Requirements vary with 
actual application, but 0.1 juF, from Vqq to Vgg and 
from Vqq to Vgg, for every other RAM is usually 
sufficient. Again, since bypass capacitors are attempting 
to defeat line resistance and/or inductance, it is 
important to place them physically as close as possible 
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to the RAMs they are intended to bypass. Using one 
centrally located capacitor is effective for decoupling 
transients generated on one board from getting into 
another board; but usually will not help decouple tran- 
sient internal to the board. 

For techniques of minimizing total system powet the 
reader is referred to application note AN-86. A Simple 
Power Saving Technique for the MM5262 2K RAM. 
AN-86 explores the use of clock decoding to minimize 
the number of clocks that must be applied. It is easy 
to see from the above discussion that this could produce 
significant power savings since an undocked RAM draws 
only lOO^A from the VpQ line. 


E. Printed Circuit Layout Considerations 

All of the consideration in laying out printed circuit 
boards for RAMs center around minimizing the induct- 
ance of lines and capacitance coupling from one line to 
another. 


Capacitive coupling is minimized by physically isolating 
or shielding noise sources. Shielding using multilayer 
printed circuit boards is probably the most effective but 
is also the most expensive. Physical isolation can be 
accomplished by running sensitive lines such as the data 
out line at right angles to the clocks and addresses. 

Inductance can be minimized by keeping line lengths as 
short as possible. Alsa running a line and the return for 
the line close together will reduce the effective induct- 
ance of the line. The effect of inductance on power 
supply lines can be reduced with the use of bypass 
capacitors. This solution is, of course, not acceptable for 
data or clock lines. 


Clock lines are by far the worst noise generators. Their 
effects can be minimized by using series damping 
resistors to guarantee that the clock voltage transitions 
are no faster than is absolutely necessary. 

Figure 12 gives a printed circuit pattern for laying out a 
memory array using the MM4262/MM5262. This pattern 
has been used successfully on RAM boards of up to 16K 
words by 10 bits. 


III. A 16K words x 10 bits Memory Application 
Example 


The MM4262/MM5262 has a wide variety of applica- 
tions. One example is an 16K words x 10 bits memory 
board developed by National Semiconductor's Memory 
Systems Division. Photographs of the memory board are 
included. 



FIGURE 12. 
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DM8678 BIPOLAR CHARACTER GENERATOR 

The DM8678 is a 64 character bipolar character generator 
with serial output, and packaged in a standard 16*pin 
D IP designed primarily for the CRT display marketplace. 
The DM8678 incorporates several CRT system level 
functions, as well as a 7 x 9 row scan character font. 
The DM8678 performs the system functions of parallel 
to serial shifting, character address latching, character 
spacing, and character line spacing which are normally 
done with extra packages. F/igff/re 1 is a block diagram of 
the DM8678. 


Address Latch 

The address latches are "Fall Through" or "Feed 
Through" latches. The address latches are illustrated in 
Figure 2. When the address latch control signal is high, 
the character addresses "Fall Through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. A 40 ns address set-up 
time is required. 


ADDRESS 

LATCH 

CONTROL 



FIGURE 1. Block Diagram 


ADDRESS 

LATCH 

CONTROL 





:iE>- 


0 Ol 0 

0 1 I 0 


FIGURE 2. Address Latch 
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Logic operation is as follows: When the address latch 
control signal is high, "AND" Gate A1 is enabled and 
"AND" gate A2 is disabled. In this mode, data "falls 
through" the latch. When the address latches control 
signal goes low. Gate A1 is disabled, blocking any new 
address inputs. Gate A2 is enabled by a high on input 
"A" which allows the feedback to determine the butput 
of gate A2. If the feedback is low, the output of A2 will 
be low. If the feedback is high, the output of gate A2 
will be high. Note that there are two inversions from the 
output of gate A2 (01 and )i) to the feedback loop. 
Thus the feedback maintains the level that was present 
on inverter If when the address latch control goes low. 

ROM 

The ROM is 64 x 7 x 9 = 4032 bits. The ROM comes 
with a standard upper case character set. And, it Is possi- 
ble to have custom fonts. A coding sheet is included 
with the data sheet. Obviously it is possible to make 
smaller characters by not using ail of the ROM. For 
example, a 5 x 7 character set could be made. Also, It is 
possible to use two chips to obtain a larger cfiaracter set. 

Line Counter 

The line counter consists of a 4-bit ripple counter with 
an asynchronous clear input. The input clock is shaped 
by an edge-triggered clock generator. The clock genera- 
tor's output clock pulse is enabled by the clock control 
signal. The output pulse from the clock generator goes 
to one input of a two input "AND" gate and the clock 
control signal goes to the other input of the "AND" 
gate. When the clock control signal is low the clock pulse 
is blocked by the "AND" gate. The line counter is 
illustrated in F/igrt/y"e 5. 


The line counter is a mod 16 counter and its count can 
be shortened by clear, which resets the counter to its 
first state, when it goes to low state. 

7-Bit Shift Register 

A 7,rbit parallel-in serial -out shift register is used to 
serialize the output data. Seven "D" flip-flops and 
seven 2-line-to-1-line multiplexers are used to perform 
the parallel to serial conversion. (Figure 4) 

Operation of the parallel to serial converter is as follows: 
the cycle begins with load enable going low. This routes 
data from the ROM via the MUX to the "D" inputs of 
the 7 flip-flops. The data at the "D" inputs is clocked 
into the flip-flops on the next low-to-high transition of 
the dot clock. Next, the load enable, goes high switching 
the mux. Now data at the "D" input comes from the 
"Q" output of the preceding flip-flop stage. 

The first stage in the shift register is an exception and 
the mux routes a low to its "D" input, with the first 
stages "D" input low. After 7 clocks, all stages are low 
and any additional clocks will produce a low output, 
This feature is used for horizontal spacing between 
characters. 

Output Buffer 

The output buffer is a standar d TTL TRI-STATE® out- 
put circuit. Th e outpu t enable is the TR I-STATE control 
and when the enable is high, the Output is in the Hi-Z 
state. The output can sink 16 mA at 0.45V for a low 
signal out, and, will source 2 mA at 2.4V for a high 
signal out. 


CLOCK 

CONTROL 



FIGURES. Line Counter 



FIGURE 4. 7-Bit Parallel-ln Serial-Out Shift Register with Synchronous Load 
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OPERATION OF THE DM8678 CHARACTER 
GENERATOR 

To illustrate operation of the DM8678, an example is 
given tracing the sequence of events involved in 
generating a character. The character '"N”ls used in this 
example. (Figures 1 and 5), 

Generation of the character "'N" begins with the appro- 
priate 6-bit character address becoming valid on the 
address inputs A1 to A6, This address can be latched by 
bringing the address latch control signal low. There are 
address set-up and hold times of 50 ns and 40 ns 
respectively. 

The output of the address latch is decoded in the 
character address decoder. This is a 1/64 active high 
decoder. The word line which contains the code would 
go high. 

The ROM contains the code required for generating the 
64 7 X 9 characters. The ROM is organized 64 words 
each, 63 bits long (7x9 = 63). In the ROM, the first 
7 bits of 63 are line 1 of the character, the next 7 bits 
store line 2 of the character and so on. Note that 1 bit = 
1 dot. The lines and dots for our example "N" are 
illustrated in Figure 5. The code for "N" would be: 


1000001 
Line 1 


1000001 1100001 
Line 2 Line 3 


on the next low-to-high transition of the dot clock 
with Line 1 of the character "N/' The next 6 dot clocks 
will shift out the rest of the first line of character ''N," 
If only a single character in a row was generated, the 
line clock would go from low-to+iigh advancing the line 
counter which in turn switches the multiplexer to Line 2 
of the character. Line 2 contains the next 7 bits required 
for generating "N." This would continue until the 9th 
line has been clocked out. Any additional line clocks 
will put a vertical space between characters. This is 
illustrated in f/iyt/re 5, 

In a typical application, more than one character is 
displayed in a row. (Figure 6) The sequence is as follows: 
Line 1 of the first character is clocked out Note that 
7 dot clocks are required to shift out one line in a char- 
acter. Additional dot clocks will add lows to the end of 
the line. This provides a horizontal space between 
characters. There Is no limit to the nuitiber of clocks 
which can be used to generate horizontal spacing. The 
address is changed to select the second character. Then 
the first line of the second character is clocked out, 
next, the first line of the third character is clocked out, 
continuing until the first line of the last character in the 
row has been clocked out. At this time, the line counter 
of the DM8678 is clocked, advancing the line counter 
to Line 2. The first character is addressed again, and the 
process of the scanning continues until the 9th line of 
the last character in the first row has been shifted out. 


1 0000 1 1 
Line 7 


1 000001 
Line 8 


1000001 
Line 9 


After the access time has elapsed (tasi = 350 ns), the out- 
put of the ROM for Line 1 of the character (N for this 
exam ple) c an be loaded into the shift register. When 
load enable is brought low, the shift register Is loaded 


Then the line clock is again clocked, incrementing the 
line counter to Line 10. All characters in the row are 
scanned . Y/^/igrt/re 6) The output of the character genera- 
tor for lines 10 to 16 is all lows. This provides a vertical 
space between rows. The number of lines used to space 
can be controlled by clear going low after the desired 
number of lines of vertical space have been generated. 


COLUMNS 

1 2 3 4 5 6 7 


□ □ □ 


• • • • 


DISPLAY CAN BE UP TO 
80 CHARACTERS/ROW 
AND 24 ROWS 


nin □ • • • • □ 

— ^ HORIZONTAL SPACE 

'~T~~ — j- 

COLUMN 1 COLUMN *‘N" ' 


FIGURE 5. Character Example 


FIGURE 6. Display Example 
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Next, the first line of the first character of the second 
row is addressed and scanned.This continues until the 9th 
line plus lines for vertical spacing of the last character 
in the last row has been scanned. At this time the 
display field has been written. For a CRT Display, it is 
necessary to refresh the display. Displays are typically 
refreshed 30 to 60 times each second. Memory is required 
to store the character address so that they may be called 
up when required for refresh. 

Figure 7 is the connection diagram and logic symbol. 


DEFINITIONS 

A1— A6; Character address. A 6-bit code which selects 
1 of the 64 characters in the font, 


Clear: Active low clear for mod 16 row counter, (can 
be used to truncate mod 16 counter). 

Line Clock: Clock that, advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 

Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-hi gh tr ansition of the dot clock 
loads the shift register if load is low or shifts data if load 
is high. 

Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TR I -STATE output buffer. 


Dual-In-Line Package 



TOP VIEW 


FIGURE 7(a). Connection Diagram 



FIGURE 7(b). Logic Symbol DM8678 
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PROM Power-Down Circuits 


description 

Inexpensive bipolar PROMs can be used in high perfor- 
mance, low power applications if powered down when 
they are not being accessed. Since the access time of the 
circuit of Figure 1 is less than 80 nanoseconds, the 
power saving can be greater than 10 to 1 if cycled every 
microsecond. Longer cycle times, or decoding of the 
power switching to multiple packages, can yield even 
more impressive ratios. 

Bipolar PROMs with on-chip power-down have power-up 
to power-down ratios of 3:1. Using the PROM power- 
down technique illustrated in Figure 1, ratios consider- 
ably higher than 3:1 can be obtained. National's PROMs 
perform well in this application. With power removed, 
the Tri-State® parts revert quickly to the third {open 
high Z) state. Because there are no clamp diodes from 
the outputs to Vcc. the powered down device presents 
only leakage to the output bus. 

PROMs do not need to be continuously powered in 
many applications. Often data is required from a PROM 
on system power up or for a small percentage of a 



Figure 1. PROM Power Down Circuit 


system cycle. Turning the PROM off when it is not 
needed saves power and the access time is increased 
by only the delay of the power down circuit. 

The basic power down circuit is illustrated in Figure 2. 
A TTL level Input signal drives the TTL logic input of 
the power down circuit. The logic input is drawn as a 
noninverting buffer; however, circuit operation is not 
limited to noninverting buffers. Logic Table 1 illustrates 
several logic implementations of both inverting and 
noninverting inputs with different speed-power tradeoffs. 

Circuit operation is as follows. When the logic input to 
R 2 goes low, base drive is supplied to the PNP switch, 
turning the switch on. Ci is a speed-up capacitor which 
decreases the switching time of the PNP switch. In 
applications where high speed is not important C-| is 
not necessary. When the PNP saturating switch is on 
Vcc (+5V) is applied to the PROM. The time delay 
from power up command to power up on the PROM 
ranges from about 10 ns to 100 ns, depending upon the 
PNP switch and the TTL logic driving the switch. 





Figure 2. PROM Power Down Circuit 
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design example 

Design a minimum power memory that has a 200 ns 
access time, a 1000 ns cycle time, and a 256x8 memory. 

Two DM74S287 PROMs will be used for the 256x8 
memory. DM74S287s have a ±5% power supply toler- 
ance. Since there will be about a 0.2 V drop across the 
PNP switch we need to ensure that the Vcc requirement 
of the PROM is met. 

Since speed is not of prime importance in this application 
we will select "slow" low power parts In fhe power 
down circuit. The 74C902 noninverting buffer will be 
used as the logic input device. This device is selected for 
its low power. 2N3467 PNP switch will be used as the 
pass transistor. 


F rom the data sheets : 

2N3467 PNP Saturating Switch 


VcE(SAT) 

lc= 150 mA 

typ = 0.165 

max = 0.3 

^fe 

lc= 150mA 

typ = 1 20 

min = 40 

Vbe(sat) 

Ic" 150 mA 

00 

0 

II 

a 

> 

max = 1 V 


DM74S287 PROM 

Icc ~ 80 mA typ, 130 mA max 

74C902 Buffer 

*cc = 15 juA max 


We are now ready to calculate the value of resistor R 2 . 
Resistor R 2 is used to limit the base drive current of 
the PNP 2N3467 transistor. The value of R 2 is calculated 
from the voltage across R 2 and the base current required 
to supply the Iqc current required for the PROM. 

Resistor calculation: 



TTL OUTPUT 
OF LOGIC CIRCUIT 
DRIVING THE 
PNP SWITCH 


130 mA = Ice 

I =3.25 mA 

hfe=40 

min 

Base current calculation: 

Vcc ■" (Vbe(SAT) + Vol(IVIAX)) 


R2 = 


R2 = 


R2 = 


•b + 


V be (SAT) 


Rl=820 

5- (1 +0.5) V 
{3.25+ 1.0) mA 


4.25 mA 

R 2 = 820 12, rounding to the nearest standard value. 

R<i is chosen to be equal to the R 2 to simplify the parts 
list and this allows resistor packs (8 identical resistors 
in a 16-pin package) to be used when appropriate. 

Figure 3A is the final circuit for the 256 x 8 memory. 
Performance of the 256x8 power down memory is: 
Power when selected 1345 mW max 
Power when deselected 0 mW with 74C902 buffer 
Access time 180 ns max 

Average power is a function of duty cycle, and for 
our 256x8 power down example average power is: 

on time 200ns 

Pave(max) . — • Power max = ^ • (665) (2) 

off time 1000 ns 

Pave(max) = “( 1 330) = 265 mW max 
5 

The 265 mW assumes that all parts are maximum at 
the same time. The more likely situation is that parts 
will be at or near their typical value. 

For our example: 

Pave(typ) ~'~’(830) = 166 mW QVe^yp 
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TTL "L" 


MEMORY 

ENABLE 

SIGNAL 



Figure 3A. 256x8 Power Down Memory 




Figure 3C. 
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performance table 



Typ 

Max 

Access Time Max 

74C902 Buffer 

54 ns 

90 ns 

2N3467 PNP Switch 

20 ns 

40 ns 

74S287 PROM 

35 ns 

50 ns 


109 ns 

1 80 ns 

Power Selected 

Ib 2N3467 


15mW 

74C902 


— 

74S287 at 5 V, 6.65 mW each 


1330 mW 
1345 mW 

Power Unselected 

Ib 2N3467 


0 (leakage) 

74C902 


0 (75 juW) 

74S287 


0 

0 mW 


resistor 

RA08 



buffer 

MM54C902/MM74C902 

W1M54C904/MM74C904 


V-CC 



Figure 3B illustrates a circuit simplification of removing 
Rl (the Ib 2 resistor). Eliminating Ri saves a resistor and 
the power dissipated by the resistor. R 2 still determines 
the base drive current which is V/R. This circuit will be 
slightly slower than the circuits in figures 3A or 3C. 

Figure 3C illustrates a further reduction in the number 
of resistors. Neither Rt nor R 2 is used. Speed will be 
good and power will be higher than in figures 3A or 


3B since the base current for the 2N3467 will be at least 
9 mA, and typically will be higher. This adds some 
power dissipation when the PROMs are powered up. 

Figure 3D represents a minimum part count circuit for 
the 256 x 8 PROM memory . 

This application note illustrates several ways to power 
down National's Schottky TRI-STATE® PROMs. 
Powering down PROMs is a cost-effective method for 
obtaining low power and fast access time. 
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TRIG FUNCTION GENERATORS 

Accuracy is the major design variable of trigono- 
metric lookup tables built with MOS read-only 
memories. Only a fevv ROMs are needed for most 
practical applications, but accuracy can be made 
to increase very rapidly with memory capacity if 
interpolation techniques are used. 

For instance, without interpolation a single 
1024-bit ROM can store 128 angular increments 
and generate an 8-bit output that will be better 
than 99.9% of the handbook value (Table 1). 



TABLE 1 . MM422BM/IVIM522BM Sine Function Generator 

If one simply cascaded ROMs to improve input 
resolution and output accuracy for a high-accuracy 
trig solution (X=sin0) as in Figure 1, large num- 
bers of ROMs might be needed. This 24-ROM 
system stores 2048 12-bit values of sin x (or other 
trig functions), giving angular resolution of 1 part 
in 2* * (0.05%) and output accuracy of 1 part in 
2* ^ (0.024%). The system in Figure 2 has the 
same resolution and is accurate to the limit of its 
12 output bits (0.024%), which makes it just as 
good. But it only requires four 1024-bit ROMs and 
three 4-bit TTL full adders, so it only costs about 
one-fifth as much as the more obvious solution of 
Figure 1. 

Instead of producing x = sin 0 , the Figure 2 system 
divides the angle into two parts and implements 
the equation 

X = sin 0 = sin (M + L) 

= sin M cos L + cos M sin L 

It can be programmed for any angular range. 
Assume the range is 0 to 90 degrees and let M be 
the 8 most significant bits of 6 and L be the 3 least 
significant bits of 0 (0 being the 11-bit input 
angular Increments, equal to 90°/2048, or 
0.044 deg.) as in Table 2. 

With an 8-bit address, the three 256x4 ROMs will 
give the 12-blt value of sin M at increments of 
M = 90°/2® , or 0.352 deg. The cos L can only vary 
between 1 and 0.99998. So we assume cos L=1 
and store values of sin M at 0.352 deg. resolution 



AH ROMS are MM421/MM521 
(a) 



(b) 

FIGURE 1. Conventional 2048- Increment Sine Table Uses 
24 ROMs 
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in the top three ROMs, reducing the equation to 

sin 6 = sin M + cos M sin L 

Values of the second term are stored in the fourth 
ROM. The maximum value of the second term in 
the above equation can only be cos Msin L 
= 0.00539 where cos M^^ax “ sin L^ax 
= 0.00539. This is the maximum value to be added 
to sin M above. Only the five least significant bits 
of a 12 -bit output are needed to form the maxi- 
mum output, so an MM522 is used in its 128x8 
configuration . 



sin 0 = sin W1 + cos (M4 - 2.8) sin L 

FIGURE 2. Four-ROM Lookup Table Generates 2048 
Values of Sin x by Interpolation Technique. 

Let the 4 most significant bits of M be called M 4 
and the angle at these increments be Xm = 90*^ 72“^ 
= 5.63 deg. Sin L (the 3 least significant bits of d) 
has the same maximum as before and cos M 4 has a 
maximum of cos 5,63 deg. =0.99517, and con- 
tinuing as follows; 

cos (11.26) =0.98076 
cos (16.89) = 0.95686 

cos (84.37) = 0.09810 
through the 16 increments of M 4 . Now 

sin 0 = sin M + cos M 4 sin L 

and the appropriate cos M sin L values are stored 
in the fourth ROM. In effect, we have divided the 
0° to 90° sine curve into 16 slope sectors with M 4 , 
each sector into 16 subsections with M, and each 
subsection into ‘8 interpolation segments with L. 


Since we are using an approximation, accuracy Is 
not quite as good as the Figure 1 system. The 
additional error term is cos L, assumed 1 but 
actually is a variable between 1 and 0.99998. At 
every eighth increment, L is zero, making cos M 




TABLE 2. Programming of 2048- Increment Sine Table 

sin L=0, and sin x=sin M to 12-bit accuracy. Then 
the error rises to a lirhit of near 0 . 002 % at every 
eighth increment where L is 0.352— 0.044. This 
error can be halved by adjusting the fourth ROM's 
output so that 

sin 0 = sin M + cos (M-2.81°) sin L 

If five ROMs are used— four MM521 's and all eight 
outputs of the MM522— 15-bit accuracy can be 
achieved, and thus improving the accuracy by a 
factor of eight. The resolution could also be 
smaller, of course, if the angular range were 
smaller as in an application involving a sensor with 
a limited field of view. Variations of the system 
could be used to space the increments irregularly 
to compensate for sensor nonlinearities, to im- 
prove accuracy in specific angular ranges. 

This example has a binary fraction output, like the 
sine function generator in Table 1. For instance, 
the 8 -bit output at the 64th increment repre- 
senting sin X = sin 45° is 101 10101. This equals 
1 X 2"^ -hOX 2"^ + 1 X 2"^ + 1 X 2'"''* +0X2'“^ 
-M X 2“^ 0 X 2"'^ -M X 2”® , which reduces to 

181/256 or 0.7070. Handbooks give the four-place 
sine of 45° as 0.7071, so at this increment the 
output Is accurate to approximately 0.01%. This 
table, the MM422BM/MM522BM, is used in fast 
Fourier transform, radar, . and other signal-pro- 
cessing applications. 

Other standard tables that are available off the 
shelf include an arctan generator, several code 
generators (EBCDIC to ASCII, BCD to SelectrIc, 
and Selectric to BCD) and ASCI I -addressed char- 
acter generators for electronic, electrical and elec- 
tromechanical display and printout systems. All 
interface with TTL logic and operate off 12-volt 
power supplies. Write for data sheets, or use one of 
our programming tables to jot down any special 
input-output logic functions you need. 
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MASK PROGRAMMING SPECIALIZES 
MOS SHIFT REGISTER DESIGNS 


A quick, economical way of customizing MOS 
shift register bit lengths is programming the metal- 
lization mask, the mask that defines the thin-film 
wiring pattern etched on the silicon wafer. Metal- 
lization etching is the most convenient process step 
to specialize because it is consistent from wafer 
to wafer and is the last major process step before 
testing. 

Utilizing this technique. National Semiconductor 
has developed two variable-length dynamic MOS 
register designs. Both of them, MM4007/MM5007 
and MM4019/MM5019, are bipolar compatible. 
Dual registers 20 to 256 bits long, single registers 
40 to 5T2 bits long, and a variety of taps and 
pinouts provide the system designer with a method 
of obtaining custom length shift registers quickly 
and at reasonable cost. 

Up to metal masking, wafer design and fabrication 
are standardized. No time is lost— or money spent- 
in developing custom arrays or tuning up the 
process. Automatic test systems further reduce 
turnaround time and production costs. 

Programming the metallization mask mainly in- 
volves routing signal connections past selected 
storage cells to adjust total register length to the 
desired number of cells. Wire-bonding changes 
provide output tap options. 

DUAL REGISTER DESIGNS 

Basically, each of the variable-length types Is a 
dual register (Figure 1 and Table 1A). 


There are enough storage cells, I/O stages, clock 
and power supply lines on each MM4007 chip 
to make up to two 100-blt registers. The minimum 
length of each register half, M^ and Mg, is 20 bits. 
The programmable parts, P/^ and Pg, may be 0 to 
80 bits long. Lengths need not be equal. For 
instance, register A may be 29 bits and register B 
76 bits (Pa = 9, Pg = 56). 



TOP VIEW 

FIGURE 1. Dual Shift Registers 

An MM4019/MM5019 chip is similarly organized, 
except that Ma and Mg are 40 bits and Pa and 
Pg vary from 0 to 216 bits. Again, lengths may 
be unequal, such as 240 bits in the A half and 136 
bits in the B half. 

Clock and supply line pin locations are stand- 
ardized, but I/O pinouts are selectable. The I/O 
terminals on the chip may be bonded to package 
pins which are more convenient for the PC board 
layout. For example, a couple of board feed- 
throughs might be eliminated by bonding the A 
register input to Pin 7 (rather than Pin 1) if data 
comes in from the right and exits on the left. Or, 
A and B could share an Input pin when they have 
the same signal source. 


TABLE 1 Register Length Options 



MM4007/MIVI5007 

MM4019/MM5019 


M 

P 

TOTAL 

M 

P 

TOTAL 


(BITS) 

(BITS) 

(BITS) 

(BITS) 

(BITS) 

(BITS) 

A. DUAL REGISTERS 







A Register 

20 

0 to 80 

20 to 100 

40 

Oto 216 

40 to 256 

B Register 

20 

0 to 80 

20 to 100 

40 

Oto 216 

40 to 256 


Ma + Mg 

Pa+Pb 


Ma + Mg 

Pa + Pb 


B. SINGLE REGISTERS 








40 

Oto 160 

40 to 2Q0 

80 

0 to 432 

80 to 512 

C. TAPPED SINGLE REGISTERS 






Total register length same as single registers with tap locations determined by either half of the dual registers. 
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SINGLE-REGISTER OPTIONS 

Since clock rates are synchronized by the common 
clock inputs, the registers may also be serially 
connected inside the package, as diagrammed in 
Figure 2. One output is internally connected to 
the Other input. 

This extends the maximum length of an MIV14007/ 
MM5007 to 200 bits and the MM4019/MM5019 
maximum to 512 bits. However, each half still 
has the same minimum, so the minimums become 
40 and 80 bits, respectively (Table IB). Again, 
the customer specifies the most convenient I/O 
pin connections. 


Vgg 



TOP VIEW 

FIGURE 2a 


Vgg 



FIGURE 2b 


FIGURE 2. Single Registers 

Going to the output tap designs of Figure 3 
takes only one more wire bond; from the first 
register output to any available pin. Tap locations 
are selected by specifying the bit lengths of each 
of the dual registers. For example, an MM5007 
105 bits long may be tapped at any stage from 
20 to 85 bits. Generally, this flexibility makes 
input taps unnecessary -an output at 29 bits in 
a 105-bit register usually serves the same purpose 
as an input at 76 bits. 



TOP VIEW 

FIGURE 3a 


Vgg 



OPERATING CHARACTERISTICS 

All specifications, except bit lengths, are the same 
as those of other M M 4000/M M 5000 series dynamic 
shift registers with the same number of I/O stages. 

Clock-line capacitance, power dissipation, as well 
as other AC and DC parameters, are independent 
of the lengths programmed. This is accomplished 
by standardizing clock and supply wiring patterns 
to achieve minimum turnaround time and cost. 

The MM4007/MM5007 and MM4019/MM5019 are 
fabricated using a low-threshold, p-channel en- 
hancement-mode technology developed for the 
MM4000/MM5000 series of registers. This means 
that they are bipolar compatible, sensing TTL or 
DTL data without input pull-up resistors and 
driving TTL or DTL loads without output pull- 
down resistors. They operate on standard -i-bV 
and -12V supplies. The clock frequency range 
is also the same, from 300 Hz to 2.5 MHz, 
guaranteed. 

Either TO-99 or dual-in-line packages may be 
specified. MM4007 and MM4019 operate at -55°C 
to +125'"C. MM5007 and MM5019are commerical 
types, specified for -25°C to -t70°C. 
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DOUBLE-CLOCKING CUTS STANDARD 
REGISTERS TO NON-STANDARD SIZES 


INTRODUCTION 

It may be more economical to make a standard 
MOS register appear shorter, logically, than to 
have a special register made to order. A double- 
clocking technique uses up the unwanted length 
by causing input bits to be stored twice and then 
to be read out as individual bits when they reach 
the end of the register. 

Figure 1 shows the clock format. A double clock 
applied for N of the normal input data intervals 
at a fixed portion of the total recirculation time 


U 1' ¥ 


IT 


ITT 


DOUBU-CLOCK 


If 


NQRMALCLOCK 


FIGURE 1. Clock rate is doubled for N data input periods 
to make the register appear shorter by N bits, 
and then resumes normal frequency. 


will shorten the register by N stages and clock 
periods. If N is 2, a 1-0 input data sequence would 
be stored as 1-1-0-0. Since these appear as the 
output at the time the clock is again doubled, the 
output gate only detects 1-0. 


Suppose a parallel array of eight 1991 -bit registers 
is needed to store 1991 8-bit words in a buffer 
memory. Each could be a subassembly as in 
Figure 2. The MM5013 and MM5016 are standard 
1024-bit and 512-bit register and the MM5019 is 
mask-programmed to order in sizes up to single 
512 or dual 256-bits. 

The design in Figure 3 provides the same length 
with two MM5013 registers. The eight registers 
are assembled with 16 instead of 24 packages. 

Also, the second MM5013 costs less than an 
MM5016/MM5019 combination (the longer the 
register the less the cost per bit). The only addition 
to overhead logic is the decoder and dual clock 
generator formed with the logic in the dotted 
lines— one DM7473 dual J-K flip-flop and half a 
package each of DM7400 and DM7420 gates. 

In the example, N = 2048-1991, or 57. Therefore, 
the registers should be clocked at double frequency 
for the first 57 data periods of the recircula- 
tion time. The extra logic decodes the bit-counter 
output and generates the 1 14 clocks needed. 

There are some limitations to this technique. 
Obviously, the normal rate should not be more 
than half the maximum clock rate for the registers 



-DATA OUTPUT 


FIGURE 2. Mask-programmable MM5019 register may be used to assemble odd-length registers. 
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used. Also, if too many bits are subtracted, the 
clock-drive loading may be affected adversely. The 
driver power requirement is proportional to average 
frequency. In the example, it is increased by 
f(2048/1991) or 2.8%, which has little effect. 
But if an MM5016 was shortened from 512 to 
397 bits, the increase in power would be 28%. In 


this case, instead of shortening the MM5016, it 
may be more practical to order an MM5019 at 
the desired length. At still shorter lengths, the 
IV1M5007 mask-programmable dual 100-bit pro- 
grammable register should be considered. Generally 
speaking, double-clocking becomes more cost- 
effective when the system register length is long. 



MM5013 


MM5013 


1 p— 
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Clock Repetition Rate; The range of clock fre- 
quencies for which register operation is guaran- 
teed. 

Clock Frequency 0fi The range of clock fre- 
quencies which register operation is guaranteed. 
Maximum clock frequencies are dependent upon 
minimum and maximum clock pulse width restric- 
tions, as presented by the Guaranteed Operating 
Curves. 

Clock Delay 0^: 0^ is defined to be that minimum 
amount of time that must expire after 0i has 
undergone a V0 l to V0 h transition and the start 
of a 02 V0L transition. The same spacings 

apply, when 02 precedes 01 . 

Clock Phase Delay 0^, 0^: The time between the 
V0H levels of 0(n and 0out 0d 's the time be- 
tween the traihng edge of 0 in and the leading 
edge of 0out> 0d 's the time between the trailing 
edge of 0out ^nd the leading edge of 0im. 

Clock Pulse Risetime, tr0: The time delay between 
the 1 0% and 90% voltage points on the clock pulse 
as it traverses between its logic V0i_ and logic V0 h 
levels. 

Clock Pulse Falltime, tf0: The time delay between 
the 10% to 90% voltage points on the clock pulse 
as it traverses between its logic V0 h and logic V0i_ 
levels. 

Clock Pulse Width, 0pw: The duration of time 
that the clock pulse is greater than 1.5V. 

Clock Input Levels: The voltage levels (logic V0 l 
or V0 h) which the clock driver must assume to 
insure proper device operation. 

Clock Control Setup Time, X^s- The time prior to 
the clock Low to High transition at which the 
clock control must be at its desired logic level. 

Clock Control Hold Time, The time after the 
High to Low transition for which the clock control 
must be held at its desired logic level. 

Data Setup Time, tas' The time prior to the clock 
High to Low transition at which the data input 
level must be present to guarantee being clocked 
into the register by that clock pulse. 

Data Pulse Width, t^vv' The time during which the 
data pulse is in its V| h or Vi l state. 

Data Hold Time, t^h: The time after the clock 
High to Low transition which the data input level 
must be held to guarantee being clocked into the 
register by that clock pulse. 

Data Input Voltage Levels: The voltage levels 
(logic V|i_ or V|h) which the data input terminal 
must assume to insure proper logic inputs. 


Data Output Voltage Levels: The output voltage 
levels (logic Vql or Vqh) which the output will 
assume under normal operating conditions. 

Data Input Capacitance: The capacitance between 
the data input terminal and ground reference 
measured at 1 MHz. 

Output Resistance to Ground: The resistance 
between the output terminal and ground with the 

output in the logic Vqh state. 

Partial Bit Times T|m, Tout- The time between 
leading edges of clocks, measured at the V^h 
levels. T|(sj is the time between the leading edge of 
0IN and the leading edge of 0ouT- Tout is the 
time between the leading edge of 0out and the 
leading edge of 0 in- 

Output Sink Current: The current which flows 
into the output terminal of the register when the 
output is a logical low level. Conventional current 
flow is assumed. 

Output Source Current: The current which flows 
out of the output terminal of the register when the 
output is a logical High level. Conventional current 
flow is assumed. 

Output Voltage Levels: The logical Low level, 
Vql, is the more negative level. This is the state in 
which the output is capable of sinking current. 
The logical High level, Vqh/ is the more positive 
level. This is the state in which the output is 
capable of sourcing current. 

Vqg Current Drain: The average current flow out 
of the Vqg terminal of the package with the out- 
put open circuited. 

Power Supply Voltage, Vqg: The negative power 
supply potential required for proper device opera- 
tion; referenced to Vss- 

Power Supply Return, Vsg: The Vss terminal is 
the reference point for the device. It must always 
be the most positive potential applied to the 
device. 

Vss Current Drain: The average current flow into 
the Vss terminal of the package. It is equal to the 
sum of the Iqg and Idd currents. 

Power Supply Voltage, Vqd: The negative power 
supply potential required for proper device opera- 
tion, referenced to Vss- 

Clock Input Voltage Levels, V0 hV 0|_: The voltage 
levels (logic "l" or "0") which the clock driver 
must assume to insure proper device operation. 

Data Output Voltage Levels, Vqh* Vql- The out- 
put voltage levels (logic "1” or "O”) which the 
output will assume with a specified load connected 
between output and Vgs line. 
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Definition of Terms 


Data Input Voltage Levels, VihVjl: The voltage 
levels (logic “1" or "0") which the data input 
terminal must assume to insure proper logic 
inputs. 

Control Release Time, tgr: The maximum time 
that a load command signal can be changed prior 
to the V0L to V0H transition of the output clock, 
0OUT* without affecting the data during bit 
timetn* 


Control Initiate Window: The time in which a load 
command signal must be applied to affect bit time 
tn- This time extends from the start of t^r to the 
start of tcs- 

Control Hold Time: The time that the load com- 
mand signal must remain stable during t„ bit time. 
See control timing diagram. 
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PACKAGES 

DUAL-IN-LINE PACKAGES 

(N) Devices ordered with "N” suffix are supplied in molded dual-in-line package. Molding material is 
EPOXY B, a highly reliable compound suitable for military as well as commercial temperature range 
applications. Lead material is Alloy 42 with a hot solder dipped surface to allow for ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in either the 14-pin, 16-pin, or 24-pin ceramic dual- 
in-line package. The body of the package is made of ceramic and hermeticity is accomplished through 
a high temperature sealing of the package: Lead material is tin-plated kovar. 

(D) Devices ordered with the "D" suffix are supplied in glass/metal dual-in-line package. The top and bottom 
of the package are gold-plated kovar as are the leads. The side walls are glass, through which the leads 
extend forming a hermetic seal. 

(Q) Devices ordered with the "Q” suffix are supplied in a glass/metal dual-in-line with a quartz cover. 

METAL CAN PACKAGES 

(H) Devices ordered with the "H" suffix are supplied in either 4-pin TO-72 style, 8-pin or 10-pin TO-5 
style metaL can package. The cap is chrome-plated kovar and the leads are gold-plated kovar. 

(G) Devices ordered with the "G" suffix are supplied in a 12-pin TO-8 style metal can package. The cap is 
chrome-plated kovar and the leads are gold plated kovar. 

FLAT PACKAGES 

(W) Devices ordered with the "W" suffix are supplied in the 14-pin, ceramic flat package. The body of the 
package is made of ceramic and hermeticity is accomplished through a high temperature sealing of the 
package. Lead material is tin-plated kovar. 

(F) Devices ordered with the "F" suffix are supplied in the 14-pin, glass/metal flat package. The top and 
bottom of the package are gold-plated kovar as are the leads. The side walls are 'glass, through which the 
leads extend forming a hermetic seal. 

inches 

Note. All dimensions expressed as - 

(millimeters) 
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Package 16 

18-Lead Molded DIP (N) 
NS Package Number N18A 


Package 16 A 
20-Lead Molded DIP (N) 
NS Package Number N20A 
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Package 21 

24- Lead Quartz Lid Cavity DIP (Q) 
NS Package Number D24C 


Package 22 

4- Lead TO-72 Metai Can 
Package (H) 

NS Package Number H04C 
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Package 23 

8-Lead TO-5 Metal Can 
Package (H) 

NS Package Number H08C 


Package 24 

10-Lead TO-5 Metai Can Package (H) 
NS Package Number H10A 


Package 25 

12- Lead TO-8 Metal Can Package (H) 
NS Package HI 2B 


All 


Physical Dimensions 



Physical Dimensions 




NS Package Number F10A NS Package Number F14B 
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Package 27 

14- Lead Flat Package (W) 
NS Package Number W14 A 


Package 28 

16-Lead Flat Package (W) 
NS Package Number W16A 
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The Data 
Bookshelf: 

Tools For 
The Design 
Engineer 

National Semiconductor’s Data Bookshelf 
Is a compendium of information about a 
product line unmatched In Its breadth in 
the Industry. The many Data Books 
referenced here represent National’s 
entire line of devices, devices that span 
the entire spectrum of semiconductor 
processes, and that range from the 
simplest of discrete transistors to 
microprocessors - those 
most-sophisticated marvels of modern 
integrated-circuit technology. 

Active and passive devices and circuits; 
hybrid and monolithic structures; discrete 
and integrated components . . . Complete 
electrical and mechanical specifications; 
charts, graphs, and tables; test circuits 
and waveforms; design and application 
information . . . Whatever you need you’ll 
find in the designer’s ultimate reference 
source - National Semiconductor’s Data 
Bookshelf. 

Ordering 

Information 

All orders must be prepaid. Domestic 
orders must be accompanied by a check 
or a money order made payable to 
National Semiconductor Corp.; orders 
destined for shipment outside of the U.S. 
must be accompanied by U.S. funds. 
Orders will be shipped by postage-paid 
Third Class mail. Please allow 
approximately 6-8 weeks for domestic 
delivery, longer for delivery outside of the 
U.S. 



DATA BOOKSHELF ORDER FORM. 

Please send me the volumes of the National Semiconductor DATA BOOKSHELF that I have selected 
below. I have enclosed a check or money order for the total amount of the order, made payable to 
National Semiconductor Corporation. 

Name^ ' , . ^ 

Street Address 

City State/Country Zip 


copies @ $4.00, Audio Handbook, 4/76 Total $. 

— copies @ $3.00, CMOS Databook, 77................ Total $. 

copies @ $3.00, FET Databook, 77. Total $. 

copies @ $4,00, Interface Databook, 10/75.... Total $. 

copies @ $4.00, Linear Applications, Vol. I, 2/73 ... Total $. 

copies @ $4.00, Linear Applications, Vol. II, 7/76 Total $. 

copies @ $4.00, Linear Databook, 6/76.. Total $_ 

copies @ $3.00, Merhory Databook, 1/76. Total $. 

copies @ $5.00, PACE Designer’s Guide, 1977 Total $. 

-copies @$4.00, MOS/LSI Databook, 1977..... Total $. 

copies @ $5.00, 8080A Microprocessor 

System Design Manual, 3/77 Total $. 

copies @ $5.00, PACE Microprocessor Assembly 

Language Programming Manual, 1/77 Total $_ 

copies @ $5.00, PACE Microprocessor System 

Design Manual, 3/77 Total $. 

-copies @ $3.00, Power Transistor Databook, 1977 Total $_ 

— copies @ $5.00, SC/MP Microprocessor 

Applications Handbook, 1977 Total $_ 

— copies @ $5.00, SC/MP Microprocessor Assembly 

Language Programming Manual...................... Total $_ 

copies @ $3.00, Special Function Databook, 4/76 Total $_ 

^ copies @ $4.00, TTL Databook, 2/76 Total $_ 

copies @ $3.00, Voltage Regulator Handbook, 5/75 Total $. 

Subtotal $L 

(California Residents Add 6% Sales Tax*) $L 
*(San Francisco Bay Area Residents Add 6V2% Sales Tax) Grand Total $_ 


MAIL TO: 

NATIONAL SEMICONDUCTOR CORP., c/o MIKE SMITH 
P. O. BOX 60876, SUNNYVALE, CA. 94088 


Postage will be paid by National Semiconductor Corp. Please allow 6-8 weeks for delivery. 




National Semiconductor Corporation 

2900 Semiconductor Drive 
Santa Clara. California 95051 
(408) 737-5000 
TWX: 910-339-9240 


National Semiconductor GmbH 
808 Fuerstenfeldbruck 
Industriestrasse 10 
West Germany 
Telephone: (08141) 1371 
Telex: 05-27649 , \ 


NS Electronics (HK) LtdJ 

4 Hing Yip Street, 11th Floor 
Kwun Tong ‘i 

Kowloon. Hong Kong ' 
Telephone; 3-411241-8 ' 
Telex: 73866 NSEHKHX 


NS International Inc. 

Miyake Bldg. 6F. 1-9 Yotsuya 
Shinjuku-Ku 
Tokyo 160. Japan 
Telephone: 03-355-3711 
Telex: J28592 


NS Electronics Pty. Ltd. 

CNR-Stud Road & Mountain Highway 
Bayswater. Victoria 3153. Australia 
Telephone: 03-729-6333 
Telex: 32096 
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